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AN INVICS'l’IGA'riON OF 'rillC in’IOLOr.V OF MUMPS* 


3iv ci.wn fi. jonKsoN, M.n,, Avi> r.Jts'iisT w. frOoni'ASTrr.i;, m.d. 

(/Vrr: ihr Drf :;r!r:r-:; c! y, 1 'GK^frlUt VuinrsUy .Xfo^irc! .SV/.r.'/, Sr.ihUU) 

VlJ.Tr:-- 1 TO .» 


(F\crcivc<l for puhlir.ition, Aupi;;! 18. 19.;.;) 


'File f.irliir invc.^tiirntinn.'; concerninjr the ctiolni^y of inump.<; dealt 
with the nillivntion of inicroorpani.Mi).*; by ordinary I)acterioIopcaI 
method.-;. Uorci were isolated and ciiltivatefi from the a<;j)irated fluid 
of the.swollen pland.c. from tlie Ifloofi.and from the .saliva; but attempts 
to reproduce the di.<ease in c.vperirnenta! animals by inoculation of 
these bacteria into the i^rotid glands always met with negative results. 

pran.Tt.T in I'XlS w.vs the first to report .attempts to reproduce the disc.Tse in 
.anim.il.s by introdiicinp into liic fthnds m.atcrial from the p.itient (1). He was 
.able thus to pro-luce in rabbits a rbc in tcmiwraturc of davs duration bv inie'et- 
mg intravcnou.dy a b.actcri.ally sterile filtrate of saliva of patients suffering from 
mumps. lie w.as also able to produce swelling of the parotid glands of rabbits bv 
the direct inoail.ation of the gland with the filtrate. Granata therefore suggested 
that the etiological agent of cfiidcmic parotitis is a filterable virus. 

Xicollc and Conscil in 191,; produced swelling of the parotid in one of three 
monheys by injecting directly into the parenchyma of the gland material .aspirated 
from the parotids of children suflcring with the m.alady. Tlic other monkevi de- 
veloped only a fever of -1 to 7 days duration and a mononuclear Icucocvtosis" after 
an incubation period of 16 to 30 da 3 -s (2). 

Gordon in 1914 used a bactcria-frcc filtrate of saliva from patients with mumps 
tor intracerebral inoculation of ten monkeys, five Macaciis rhesus and five cyrairo! 
S«r._ Four of these animals, three of which were Macactis cynomolgus died after 
having developed meningeal s\Tnptoms on the 4th day. They were found to have 
had a stenle l.vmphocytic meningitis, degenerative changes in the cortical neurones 
and anterior horn cells. Unsuccessful attempts were made to transfer the infec 
on from one monkey to another by the use of filtrates of emulsions of brain and 
P'nai cord. One monkey, inoculated intrapcritoncaUy and intravenously became 

alter an incubation period of 7 days and showed swelling of the parotid gknds (3) 


* Aided by a grant from the Di\'ision of Medical Sdences, Rockefeller 
^bon, and by the Josiah Macy, Jr., Foundation 
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Wollstcinin 1916, usinp cats as the csperimnUal animal, liavlnctnli'crvcd that 
they gave more promising results than rabhits and mnnheys. iimndated the paro- 
tids and testicles with fdtered saliva which induced, after an inculution period of 
5 to 8 days, a parotitis charactcrlaed hy congestion, interstitial edema, tnononurlcar 
interstitial infiltration, and an orchitis characteri.-ed by ilegcneration of the epithe- 
lium with interference with sperinatogcner.i:- C'sperrnatorrhc.xi.s”), and an in- 
constant swelling and multiplication of the interstitial cell,, with cellular invasion 
between the tubules. She used a bacterially sterile fdtrate of saliva of patients 
ill not longer than 3 <lays with the dbcasc. Ity incubaling, at fur 2 hours, 
a mixture of an emulsion of a gland removed at the height of infeelion, with im- 
mune scrum obtained from a cal which had recovered from tlie infection, she was 
able to decrease the reaction of the cat to the iriucnlation. 'I'he virus increased in 
virulence through the fourth generation but rapidly decri-a.-^ed after the si.xlh trans- 
fer; and in only one instance were the ctTects observeil at the eighth transfer. The 
vims remained virulent after -1 months of storage in 50 per rent glycerine (-5). In 
1921 Wollslein reported the production of an aseptic meningitis in cats hy the 
intracerebral inoculation of haclcrially sterile fdtrate of saliva from patients ill with 
epidemic parotitis (S). 

Kcmiorgant in 1923 reported that he h.id been successful in .anaerobic niltiva- 
tion of a specific spirochete in association with a smrdi (Iram-negalive bacillus from 
the sediment of washings of the buccal cavity of p.allents ill with mumps. The 
culture medium used was comiio.'^cd of rahhil serum, -I parts; c-xtract of the red 
blood corpuscles of the horse, 1 iiart; and physiological saline, 5 parts. 'Hie spiro- 
chete was observed to break up into small grannies, in which state it was possible 
to filter it; but it could not be cultivated from the filtrate unlc.-is the original small 
Gram-negative bacillus were added to it. lie was able to produce in the ^[acaciis 
siuicus a parotitis identical with that produced by inoculation of the saliva from 
the patients, by injecting the cultured spiroclictcs into the lumen of Slensen’s duct 
or directly into the parenchyma of the gland. He was unable, however, to trans- 
mit the disease from monkey to monkc}', but reported llic production of an orchitis 
in rabbits which was transmissible in series (6). 

A review of the literature shows that the causative agent of mump-^ 
has been at various times and by different investigators attributed to 
bacteria, to a filterable virus, and lately to a spirochete. One gains no 
conviction however, from a study of the experiments reported up to the 
present time, that anyone has unquestionably succeeded in inducing 
mumps experimentally, or has demonstrated the true etiological agent 
of this disease. There has been a varied choice of experimental ani- 
mals, of methods of inoculation, and of the character of the supposedly 
infectious material. 

In planning an experimental investigation of mumps we hax^e been 
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giiirlcd hy llic following ai^<;utnptions: that monkeys would more 
likely be a susceptible host than lower animals; (hat the active agent 
should come in direct contact with the parenchymal cells of the paro- 
tid gland, preferably attended by some injury; and that the causative 
agent is in the saliva at least in the first stages of the disease. 

In order to bring about the most favorable conditions for the experi- 
ment it was thought to be advisable to introduce a considerable 
amount of fresh untreated saliva directly into the parotid glands 
through the duct of Stensen. 

Tliis procedure would of course introduce along with the undiluted 
hj-pothetical causative agent a variety of microorganisms, but our 
experience had indicated that M. rhesus has a strong natural resistance 
to many microorganisms both saprophytic and pathogenic derived 
from human sources. There would be by this method also an asso- 
ciated injuiy to prcsumabl}' susceptible cells. It was expected, since 
the incubation period of mumps appears to be at least several days, 
that in the meantime the non-specific microorganisms would disappear. 
If they should persist we hoped it would be possible to separate the 
true cause from contaminants bj' passage in series or by filtration. 

By the application of this method of procedure we have been able 
to obtain from the saliva in a proportion of cases of mumps, in the 
early stage of the disease, three strains of a filterable virus, free of 
demonstrable microorganisms even in the first monkey generation, 
which is uniformly pathogenic for rhesus monkej's and induces an 
acute non-suppurative parotitis which we judge to be mumps. One 
strain of the \drus has been passed in series through seven generations 
in M. rhesus monkeys and has increased in its xirulcnce. We think 
that the experimental disease can be reproduced at will and indefinitely 
in series. 


Material and Method Used for Inoculation 

The original material used for inoculation was fresh saliva obtained by having 
the patients, vrith the clinical history, sj-mptoms, and signs of epidemic parotitis, 
rinse their mouths thoroughly with sterile pb>’siological saline. After disposing of 
the washings they expectorated for about 2 hours into sterile, wide mouth, glass 
bottles. During the collection of the saliva the patient was asked to suck the 
sides of the cheeks in an attempt to obtain as much saliva from the parotid glands 
as possible. 
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The first patient from whom saliva was thus ol)tainc(l was a medical student 
10 was admitted to Vanderbilt University Hospital about 12 hours after the onset 
slight pain and slight swelling of the gland. I Ic gave a history of contact with a 
;c of epidemic parotitis •! weeks previously while spcnrling the Cliristmas holidays 
his home in Pennsylvania. 'Phe saliva was collected over a period of 2 hours at 
lich time the patient’s left gland was quite swollen, and rapidly increasing in 
c. Ill's tcm]>craturc was lO.VP. 'J'hc saliva w;is immcrliatcly used for c.tpcri- 
;ntal inoculation after the comidetion of its collection. 

About 2 months later an epidemic of parotitis appeared in the Tennessee In- 
strial School located at Nashville. .Saliva was collected individually from six 
the patients in the same manner as that described above. Tliis material was 
iced in an electric refrigerator for a ficriod of about 2 hours after its collection 
fore being injected into monkeys. 

^latcrial from a case in southeast .Alabama, where there had been an cjiidcmic 
r 3 months, was sent to us at about the same time the epidemic appeared at the 
dustrial School. The saliva from .Alabama was collected in the same manner as 
at of the first case. The bottle was tightly stoppered, scaled with paraffin, 
illcd by packing in ice, and mailed to us. The saliva was received the following 
y and was used immediately. 

Altogether fresh saliva from si.v cases of mumps has been used for 
ic inoculation of monkeys. Four of these .specimens induced the 
lecific parotitis, and two of them induced no recognizable clinical 
sease. These two specimens were introduced into the same mon- 
iy, one in each parotid. This monkey was not killed. Of the four 
Dsitive specimens of saliva two were obtained within the first 24 
)urs after the first noticeable swelling of the parotids of the respective 
itients; one was obtained on the 2nd day; the other, from Alabama, 
Dt later than the 2nd day. Of the two negative specimens one \vas 
jtained on the 3rd day of the disease, the other possibly on the 3rd 
ly, although w'e are not certain as to the exact time. 

These results indicate that saliva taken within the first 24 hours 
'ter the onset of mumps is more likely to be infectious for monkeys 
lan that recovered at later periods. 

The sides of the face of the monkeys were shaved closely so tliat the changes that 
le glands might undergo could be observed easil}'. The animal was anesthetized 
ith ether. The orifice of Stensen’s duct was exposed bj’^ sticking a cotton-covered 
irefinger between the lips and down the inside of the cheek, then retracting tlie 
leek by holding it between the finger and thumb. The duct was cannulated by 
iserting a size 22 Luer needle, which had had tlie point cut away to the shaft pro- 
acing a blunt end to prevent the penetration of the walls of the duct. It was 
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found that ihc pnwlurc of cinnuhtion and injection v.-.t; more easily i>crformc<l 
if .a 10 cc. I.ucr .syrinpc with needle aU.achctf and cont.aininf* the nwtcrial to lie in- 
jected were u.<etl. llic orifice of the <luct licA rather tlceply and the lonfrcr syrinre 
affords a belter handle. Tlic usual volume injected into r.ach duel v.-ar. 2 cc. 1 1 is 
necessary to ancsthcti.-c the animal in order to rcl.ix the mu'clcs of the check 'ufn- 
dcnlly to permit a free injection. As the injection proceeds under mo<icratc 
pressure the parotid may lie seen and fell as it enlarges, so that one luas no doubt 
about the entrance of the malcri.al. 

The tempemture and the total difTcrcnti.il and leucocyte count.s were taken l>c- 
forc inoculation. Tlic temperature sms t.akcn twice daily thereafter; and the total 
and ditTerential leucocyte counts were made once d.aily from the day of inocuLition 
until the anim.al svas either killed or completely rccovcrcsi. In several c.xpcrimcnls 
the temperature and the leucocyte counts were made for a few d-as-s before the 
injection. 

Results oj luoculaiion oj Saliva 

(a) Normal Scliva . — Salisai uais collected from two normal individu.als by the 
same method used to collect the salira from the patients suffering from epidemic 
parotitis. One of the normal individuals gave no history of mumps, while the 
other had had the disc.asc during early cliildhood. 

The parotid glands of each of two Macactis rhesus monkc\3 were immediately 
inoculated by the prcanously described method of cannulalion of Stensen’s duct. 
Each gland of each monkey received 2 cc. of the avholc saliva from cacli of the two 
individuals. This avas the amount of saliva from patients with mumps which aa-as 
injected into the ducts of each monkey in the reciprocal c.xpcrimenls. 

These tavo monkeys, like those receivdng the saliva of patients ill 
with parotitis, developed an immediate enlargement of the glands 
aa'hich increased in size for 12 to 24 hours and then returned to normal 
within 72 to 96 hours after the inoculation. They aa-ere observ^ed daily 
for 3 weeks in the same manner as those which received the saliva 
supposedly containing the virus of epidemic parotitis. Their glands 
did not show any evidence of enlargement or tenderness after their 
return to normal. Their temperature shoaa'ed no secondary elevation 
and they did not develop a leucopenia. 

Ordinarily the parotid glands of a rhesus monkey are not at all 
palpable or barely so; consequently by palpation one can determine 
quite readily any moderate enlargement. 

(b) Saliva oJ Patients with Epidemic Parotitis . — Saliva from Case 1 of mumps was 
diluted with an equal volume of 0.9 per cent NaCl solution and filtered through a 
Berkefeld N candle. The filtrate was bacteriologically sterile. 3 cc. of clear fil- 
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Iralc were injected into each jwrotid gland of a monkey tlirongh Stensen’s duct. 
After a preliminary swelling wliicli lasted about *18 hours, the glands returned to 
normal, and remained so. 'I'he unfdlcrcd saliva from this patient was very active 
when injected into monkcy.s, consequently we hclicvc tliat the virvis in the saliva 
did not pass the candle, or was so diluterl thereby that it was rendered innocuous. 
Therefore in all other experiments in which saliva from eases of mumi)5 was used, 
whole fresh saliva was injected. Ililateral injections were made in nearly all 
instances. 

The inocidation of the glands was followed inmte<liatcly by a definite enlarge- 
ment due to the volume of the injected fluid. There was a gradual enlargement 
for 12 to 24 hours, but this was followed by a rapid return to normal in from 48 to 
96 hours following the injection. The immediate reaction and the return to nor- 
mal was similar to that following the injection of normal saliwa. 'I'he leucocyte 
count usually rose during the first 24 hours, in some of the eases the number was 
doubled. This rise was followed by a progressive fall in leucocytes until a definite 
leucopenic stage was reached which averaged about 4 days after the inoculation. 
Witli the development of the Icucopcnia there was a true and relative monocytosis, 
a relative lymiihocylosis, a marked fall in the polymorphonuclear jierccntagc and 
total count. In many instances there was a slight rise in temperature on the ord 
to the 5th day following inoculation. This rise in temperature was only of 1 to 
2 days duration and the return to normal was usually paralleled by a sliglit rise in 
the leucocyte count which was only 1 day in duration in the majority of the eases. 
(Figs. 1 and 2.) 

The above changes were in turn followed by a palpable and visible enlargement 
and a tenderness of the glands, a rise in rectal temperature, and an edema of the 
soft tissues over the gland by the 6th to the Sth day after inoculation. If the 
animal were not killed tlie edema and enlargement of the glands disappeared after 
2 to 4 days. The rise in temperature usually was only 1 to days in duration. 

The animals were usually killed the day of or the da}’ following the appearance 
of edema in order to obtain their parotids for study and for transmission of the 
virus. They were killed, during etlier ancstlicsia, by exsanguination. 'fhe cliest 
was shaved closely, cleansed with alcohol, dried with etlier, and then painted with 
7 per cent iodine. The heart was located and pierced witli a needle, gauge IS, 
length 3} inches, attaclied to a 20 or 30 cc. sj’ringc. As mucli blood as possible 
was removed in tliis manner, and if it were impossible to withdraw sufficient blood 
to cause death the femoral arteries were dissected and sectioned. The animal after 
deatli was placed on one side and the upward clicek shaved, cleaned with alcohol, 
dried with ether, and painted with 7 per cent iodine. The remainder of the body 
was covered with lysol-soaked towels. A V-shaped incision was made in the skin 
over the gland. The point of tlie V was about 1 cm. from the corner of the lips 
with the forked ends e.xtending to the neck over the angle of the jaw and the other 
superiorly to the ear. Care was taken not to include the cheek poucli in the in- 
cision. The sldn and the fascia were then dissected and held retracted by sterile 
hemostats. A small piece of the gland was immediately removed, wiUi the ex- 







8 


ETIOLOGY or MUMl’S 


Zenker’s solution. Pieces of tiu; supposedly sterile were pl.iccd in small 

bottles containing sterile .'50 jH-r cent neutral glycerine. The remainder of the 
gland was jilaccd in small, sterile, rubber-stoppered bottles, 'riieso were placed 
in an electric refrigerator very near the freezing unit, v.hcro the temperature was 
at about the freezing point. 

By llic iLsc of the inetliod.s jii.sf rle.scrihed three strains of the virus 
\\c are dealing with were isolated from the saliva of patients from three 
states of the Union. Bacteriological e.vamination of the parotids 
inoculated with mumps saliva containing two of tlie.^e strains, .showed 
no microorganisms; one gland infected with another strain contained 
a staphylococcus wliich ajrp.arently played no jrart in the lesion, as 
determined histologically. 

'fransiin'sswit of Virus from Moidry to Monkey 

The material used for passage of the vims through seven generations in monkeys 
up to dale was preiiarcd by taking small pieces of the gland, previously shown to 
be baclerially sterile, weighing them, and grinding them in a sterile mortar. .About 
1 gm. of the ground material was then taken up in 10 parts of 0.9 per cent NaCl 
solution. The heavy material was allowed to settle to the bottom of the tube by 
allowing the emulsion to sit overnight in the ice bo-v. 'I'lie emulsion was tested for 
sterility and if no growth became apparent in the media by the following day, 2 cc. 
of the turbid emulsion at the top of the tube were injected into each gland of a 
monkey through Stensen’s duct by the same method used in the inoculation of the 
saliva. (Fig. 3.) 

It was found that if the infected glands were allowed to remain in the ice box 2 
to 7 days before being ground they were more c.asily macerated and the emulsion 
was more uniform in its results, than if the emulsion were made and used imme- 
diately after removal of the glands. 

As shotvn in Table I there lias been ver}’’ little or no change in the 
incubation period, in the temperature curves, and in leucoc3’’tc counts 
in the seven generations of virus; but the most pronounced general 
reactions of the monkc}’- have been observed in this series. A height- 
ened reaction tvas noticed in the last three generations tvhen it w^as 
observed that at times the animals would be drows}’- and listless, and 
at other times easily c.xxitable and verj'’ nervous. The tenderness of 
the glands w’^as more marked and there was a slight increase in the 
duration of the edema of the subcutaneous tissues and sivelling of the 
parotids. 



TAULK I 

Summary of Ihc Transmission of the Virus in Series for Sr.rii Cntfralioiis 
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Gross and Microscopic Lesions of the. Glands 

When the specific experi men till parotitis manifests itself by swelling 
of the glands the subcutaneous tissues and fascia surrounding them 
usually become quite edematous. 'I’he parotids arc enlarged both 
in weight and volume by 2 to -1 times their normal siac. 'I’hey are 
easily palpable and can be picked up between the fingers; they arc 
bogg}’^ and often contain shotty lymph nodes at the lower pole. 'I'liere 
is a pitting edema of the overlying cheek. On e.vposing the glands t hey 
are found to be quite congested and through their capsule can be seen 
small hemorrhagic areas varx’ing in siae from pin-point up to 1 to 2 
inm. in diameter. 'J'he glands as well as the surrounding tissues arc 
ver}'- edematous, and there is a weeping of a serous e.vudate after 
removal. (Figs, d and 5.) 

Histologic sections disclose marked destructive changes in the paren- 
chjnna of the glands. 'Fhe parotid of the rhesus monkey is a serous 
gland, and the earliest stage of the lesion in the experimental parotitis 
is found in acinar cells. 'J'he essential lesions are focal in distribution. 
They are primarily a degeneration and necrosis of a single acinus or 
small groups of acini. The alTected cells become swollen, lose their 
normal granulation, and become detached. The nuclei show the 
various changes indicative of necrosis. No nuclear inclusions have 
been observed, althougli there are often discrete though faintly stain- 
ing masses in the cytoplasm in earliest stages. The exact nature of 
these structures has not yet been determined. 

The disintegration of acinar cells takes place before there is a cellu- 
lar exudate. As the cells die mononuclear phagocytes enter and take 
up the remains. Later, within the area of necrosis and in the intersti- 
tial tissue about many of the ducts, there is an infiltration by lympho- 
cytes in which there are a few eosinophilic leucocytes and plasma cells. 
Polymorphonuclear neutrophilic leucocytes play no part in the in- 
flammatory reaction. Accompanjdng the cellular injury there is a 
diffuse edema of the gland affecting the cells and the interstitial tissues 
generally. The parenchymal cells become edematous and often 
elevated from the basement membrane. In the interstitial tissue there 
is an abundant serofibrinous exudate, and in the neighborhood of the 
areas of acute parenchymal destruction petechial hemorrhages are 
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ob?er\'C(l. No chnnpcs have lluis far hi’cn found in the: suhmaxillar>' 
glands, (rigs. 6 and 7.) 

In the jwrolid.s of inonkcy.s killed at the height of the di.scasc there 
arc focal areas of parenchymal necrosis of different ages, and we have 
interpreted this to mean that the changes begin ?> or -1 days after the 
inoculation, anti spread through the gland until there is a sufficient 
general rcsjionse to result in enlargement and edema. 

Characicrislics of the Virus 

(a) IJactericlof;y. — Tlic sm.all portions lli.it were removed from c.idi gl.ind it: situ 
for cultural study were cut into pieces of .ibout 2 to .1 mm. squ.irc. A piece was 
placed into cadi of a lube of plain infusion broth, bloo<l broth, .and anaerobic beef 
heart media. In practically ever}' case the gland was found to be bactcrially 
sterile. Noguchi's medium for Icptospira was also used for several of the gbnds 
but no growth of microorganisms was obtained. 

Dark-fidd examinations of emulsions of the fresh glands made immediately after 
remoral, and also of the emulsion in the transfer of the virus from monkey to 
monkey, have shown no endence of spirodietcs. Smears, and sections of the 
glands stained by Levadili’s method for demonstrating spirochetes in tissues, have 
been entirely negative. Tlius cultiration on artificial media and the staining char- 
acteristics of the virus sfill remain unsolved problems. 

(b) Fillerabilily.—Enmblons of the glands were prepared as for the passage of 
the virus from monkey to monkey. They were allowed to remain in tlie ice box 
for 24 hours, and were then centrifuged at a moderate but sufiicient speed for the 
supernatant fluid to be dear but opalescent. This was decanted and to 10 cc. of 
the supernatant fluid 0.5 cc. of a 24 hour broth culture of B. prodigiosus was added 
to check the filter. The material was then slowly filtered through a Bcrkefeld V or 
N filter at 2 to 5 pounds pressure. Cultures of the filtrate were made and the fil- 
trate stored in the ice box. The cultures being sterile, the filtrate was then inocu- 
lated into the glands of the monke>'s in the usual volume and by the previously de- 
scribed method for the inoculation of salira. 

In every instance of five trials the filtrate proved to be virulent. The incuba- 
tion period was from 1 to 4 days longer than for unfiltered material but this was 
the only change detected in the reaction to the filtered virus. 

(c) Resistance to Freezing . — ^The saUva of Case 1, which induced parotitis follow- 
ing its initial injections, was kept in a stoppered bottle in the freezing unit of an 
electric refrigerator. The saliva was removed from the unit after 3 weeks and 
allowed to melt. Another monkey was inoculated with it in the same manner as 
the first. Its reaction was identical with that of the first monkey with the excep- 
tion that the incubation period was shorter by 1 day. 

(d) Resistance to Drying.— Pieces of the glands of the monkey receiving the fifth 
transfer were placed in a Petri dish immediately after removal. The Petri dish 
was packed in carbon dioxide ice and allowed to remain for 30 minutes. Com- 
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ilctcly frozen, it was transferred to a desiccator in which there was pliosphorus 
(cntoxide. The desiccator liad l)ccn [lacked in ice and was connected to a vaaium 
)ump. The pressure was then reduced to 2 nini. of mercury. 'I'lic ice-packed 



Chart 2. Temperature, total leucocyte count, and differential count curves of 
Monkey 20. The base numbers refer to tlie total pol 3 ^morphonuclear neutrophils, 
lymphocytes, and monocytes. Each gland was inoculated through Stensen’s 
duct witli 2 cc. of a filtered emulsion of the gland of the fourth generation monkey. 
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rfcsicCTtor was placed in the ice box and nliowct! to remain there for 4 davs. 'Hie 
dried pieces of the glands were removed and placed in small sterile amjnilcs and 
sealed. 
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Chart 3. Temperature and total leucocyte count curves of Monkey 30, sixth 
generation. It was inoculated bj'' the routine method described in the text with 
bacterially sterile filtrate of the emulsion of Monkey 19 which had in turn been 
infected with the same inoculum as Monkey 20 (Chart 2). 
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Summary of the Findings of ihe Fillrale Experiments 
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Tlic (Irictl plintl rcm.iinc<l in the ampules for 7 weeks. An ampule v.-a,s then 
opened and llic ontentr. emulsified for inoailation into a monkey, llic emulsion 
was prcp.ircd much in the same way as that for the tran.sfcr of the vinis in series, 
hy grinding the dried material in a projxirtionatc volume of 0.9 per cent ralinc 
solution. Hie animal dcvelojwl the typical leucocyte responre, ri'c in tempera- 
ture, cnlarEcmcnt of the glands, and edema of the subcutaneous ti.'sucs in the u.^ual 
sequence. 

(e) Rfsi:!at:cf. ta Ghc(r:t:at:cr .. — Small pieces of the s.amc gland that was frorxm 
and dried were abo placctl at the same time in SO per cent neutral glycerine. .After 
l)cing stored in the ice box at about lO'C. for 7 weeks an emubion of the pieces was 
prepared. A monkey inoculated with the usual x-olumc of the emubion developed 
the t.x-pical clinical response prc\dously mentioned after the usual incubation period, 
showing Uial there had been no loss in the virulence of the virus. 

Iv.niimily 

(a) Rcivioculalion Expcrivicuts . — Two of the monkej's whidi were 
allowed to overcome their infection for clinical observations were 
again inoculated, 2 months after recover}-. An emulsion of the glands 
of the monkey of the si.xth transfer was prepared by the previously de- 
scribed method. Kach parotid of the two monkeys previously ill with 
the malady received 2 cc. of the emulsion. A normal monkey was 
given 2 cc. of the emulsion into the left parotid as a control. 

Tlie two monkc3'S which had previously been inoculated and had 
developed swelling and tenderness of the parotids, a rise in temperature, 
and a Icucopenia, failed to show any symptoms of infection following 
reinoculation. Tliese two monkeys were observed for 3 weeks after 
the inoculation. 

The normal monkey which received the emulsion in only the left 
gland developed a slight rise in temperature, a typical enlargement of 
the inoculated parotid on the 7th day after the inoculation, and 4 days 
after its initial return to normal size. Edema of the subcutaneous 
tissues appeared on the 8th day after inoculation, and the animal was 
killed on the 9th day after the temperature had reached its peak and 
had begun to recede. The gross and microscopic changes were char- 
acteristic of the experimental disease. 

(i) Attempt to Neutralize the Virus with Sera of Patients Recently 
Recovered from Mumps . — ^An attempt was made to determine whether 
or not the sera from patients recently recovered from mumps would 
have an inhibiting effect upon the virus inoculated into monkeys. In 
pursuance of this object two sets of experiments were made. 
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In the first set the scnim from an adult human donor wlio seemed to have a re- 
liable history of never havlnj; had an attack of mumps was used ns a control. 
Sera from two patients who had recently recovered from mumps —ahoul 2 months 
previously — were used to test their possible antiviral eficet. l our monkeys were 
used. Into one gland of each monkey a mi.vturc of equal parts of virus emulsion 
and “normal” serum was injected. Into the, opposite parothl of each a similar 
mixture of virus and “immune" serum, from two recently recovered patients, was 
injected at the same time. 

The virus suspension was made by emulsifying an infected gland in 0.9 per cent 
saline solution in a proportion of 1 to 10, just as the inoculum in other experiments 
had been prepared. The mixtures of scrum and virus were incubated at 37’C. for 
2 hours, and were then injected into the parotids. 

The results were quantitatively inconclusive as to the antiviral effect of the 
immune senim. Three of the jiarotids receiving normal scrum and vinis became 
swollen and edematous in due time; the fourth showed no rccognii^ablc change. 
Of the four glands which received immune scrum, one became swollen and edema- 
tous 2 days later than thcopposite, control side;onc gland bccamcslightly enlarged, 
without facial edema; the remaining two showed no change. One of the monkeys, 
however, showed no enlargement of either parotid. 

In a second set of experiments an attempt was made to compare the effect of 
immune scrum upon the usual virus emuksion, and a sample of the same diluted to 
half its strength. Each inoculation was made into a separate monkey. /\s a con- 
trol the scrum from a supposedly normal placental blood was used. Two pairs of 
monkeys were inoculated. One monkey received a mixture of full strength virus 
emulsion plus an equal quantity of normal scrum; another received half strength 
virus emulsion plus an equal volume of normal senim. In the second pair im- 
mune scrum and virus emulsion were prepared and inoailatcd in tlic same way. 
The scrum-virus mixtures were kept in a refrigerator just below the freezing point 
for 24 hours before the inoculation. They were not incubated at 37°C. 

Each of the two monkeys which received normal senim and vims developed in 
due course swelling of the parotids and facial edema. The monkey which received 
diluted vims plus immune senim remained normal, at no time showing a swelling 
of tlie gland. The one which received strong vims and immune senim developed an 
erythematous rash on the 14tli day associated with a swelling of the parotids, and 
this condition, not obserx'cd by us before, persisted for several days. The parotids 
were distinctlj' enlarged but there remained the question in our minds whetlier or 
not the skin eruption associated with edema was a manifestation of serum sickness 
which involved the parotids in tlie inflammatory reaction as well. 

While this problem requires much more extensive investigation, we 
may say that none of the parotids inoculated xvith virus plus immune 
serum presented so marked an enlargement as the corresponding con- 
trol, and where both serum-virus mixtures were inoculated into the 
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saj)ie animal ihc cnlarpomenl of the imiminc side was delayed 2 to 3 
da\-s. In two of the experiments there was no resi>onse from the glands 
receiving immune senim plus virus while the corresponding controls 

were i^osilivc in the usual manner. 

We judge from these few preliminary* experiments that there is some 
inhibiting effect of scniin from patients recently recovered from 
mumps upon the virus with which we are working. 

DISCUSSION* 

The infectious agent which we have obtained from the saliva of 
patients in the early stages of mumps presents characteristics of a 
filterable, cytotropic vims having a predilection for the parenchymal 
cells of the parotid glands of rhesus monkeys. The vims is free of 
demonstrable microorganisms; it is filterable and resistant to drynng 
and glyccrination; it causes a lesion which is primarily a degeneration 
and necrosis of the parcnch}*mal cells of the parotid; and it confers 
immunity to rcinoculation. There arc no visible stmcturcs associated 
with it which we can interpret as microorganismal. No spirochetes 
have been obsciwed in smears, in dark-ficld preparations of fresh 
lesions, or in sections of tissue stained by Levaditi’s method. 

There is good evidence, we consider, that this vims is the cause of 
mumps. We have not found a similar vims in saliva other than that 
of patients suffering from mumps, although we have not yet tested a 
large number of specimens. The vims has been demonstrated in four 
out of six specimens of saliva from cases of mumps. 

The clinical disease induced in M. rhesus monkeys, w'hose parotids 
have been inoculated with the vims, is analogous to mumps in the 
human being. The histology of the parotitis of human mumps is as 
yet undetermined, but the lesions of the e.xperimental disease are quite 
comparable to those found in the specific orchitis of mumps, except 
that in the latter there is a considerable neutrophilic leucocytic re- 
sponse. WTiile our experiments attempting to neutralize the vims 
with semm of mumps-immune patients are inconclusive, they indicate 
so far as they go, that such sera have an inhibiting effect upon the 
vims. 

It is well knowm that the saliva of a smaU, proportion of people may 
harbor the vims of herpes simplex. The possibility that we are deal- 
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ing M’itli the Iicrpetic vini.*^, we think i.s ruled out hy the fart that cu- 
tancoii-s, corneal, and intracerebral inoculation.^ of rabbits with the 
experimental vims is innocuous so far as we have determined. 'I’hero 
are likewise no nuclear inclusions in the experimental lesion. 'I’hc 
imsusceptibility of rabbits to the vims would also eliminate an acci- 
dental vaccinal contaminant. 'Jin's is further obviated by the fact 
that monkeys immune to the experimental disease under considera- 
tion are susceptible to the vaccine vims. W'e are not aware of other 
known vimses with which the vims we have demonsl rated may be 
confused. 

Our judgment that we are de.aling with a filterable cytotropic vims 
which is the tme cause of mumps is based ujmn the above mentioned 
data. Further experiments are being conducted, however, to eluci- 
date more clearl}' the characteristics of the vims. 

CONCLUSIONS 

1. From four out of six specimens of .saliva from six cases of mumps 
in the early stages of the disease, a fd I erable cytotropic vims has been 
obtained which induces in M. rhesus monkeys, following inoculation 
of the parotid glands through Stensen’s duct, an acute, non-suppura- 
tivc parotitis analogous to mumps. 

2. This vims has not been found in normal saliva, nor docs it corre- 
spond to an}’- known vims with which we arc familiar. 

3. The virus is free of demonstrable microorganisms including 
spirochetes. 

4. It is judged that this vims is the causative agent of mumps. 
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KXriANATIOX OF rLATi:s 

I’lATi: 1 

Fir.. 1. Monkey .>1. rhoto^rnpk taken on the f>th «kty follo'.vinf: inocuhtion 
of falio from two patients ill with epidemic parotitb:. The left p.btid, the harper 
of the two, received 2 cc. of snliv.a from .a p.Hient dorinp the 1st <l.ay of illness. 
Tlic right gland, which Is only mo<icratcly swollen, received 2 cc. of s-aliv.a from a 
patient during the 2nd day of illness. 

Fig. 2. The left side of the monkey shown in 1‘ig. I. Note the pitting of the 
edematous tissues over the swollen gland which resulted from pressure. 

Platk 2 

Fig. 3. Monkey 21. On the 7th day after inocuhtion and on the 2nd d.iy of 
marked swelling. Tlicrc w.as marked bilateral enlargement of the parotids and 
edema of overl.ving tissues. It received into cacli duct 2 cc. of the emulsion of the 
gland used for the fifth transfer. 

Fig. 4. One of tlie c.epcrimentally infected glands it; sUti shov.ing the hemor- 
rhagic areas and marked congestion as described in the tc-rl. 

Fig. 5. The gland of Monkey 42, the seventh generation, showing the marked 
difference in size of a normal, non-inoculated gland and a diseased gland of the 
same monkey. The diseased gland was 25 times as hca\-y as the smaller normal 
gland which showed no evidence of being infected either in the gross or by histo- 
logical study. Actual size. 

Plate 3 

Fig. 6. Photomicrograph of section of the diseased gland in Fig. 5 showing an 
infected lobule in which there arc focal areas of necrosis with cellular infiltration. 
The interstitial edema is also apparent. X 80. 

Fig. 7. A focal area of necrosis in which there has been a moderate infiltration 
by large mononuclear phagocytic cells and lymphocytes. X 450. 
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STUDIES ON* THE NER\^OUS SYSTEM IX DEFICIEXO^ 

DISEASES 


II. Lf^ioks PROnucKD IK Tra: Doc. nv Dik.ts Lacktsg thi: Water- 
SoLunu:, Heat-Stable Vitamik I}:(G)* 

Rv H. M. ZI.AJMERMAK, M.D., asd ETHEL BURACK, Pii.D.t 

{From the Doparlmcnls cj Pclhology and Pkysichgual Chcmislry, Yah Ur.hcrsily 
School cJ Medicine, iYr.r Ilarcn) 

Plaixs 4 to 6 

(Received for publication, September 30, 1933) 

It is now generally conceded that black tongue in dogs as produced 
by Goldbcrger and his coworkers (1) with diets lacking the water- 
soluble, thermostable vitamin B-(G)' has many features in common 
with the disease kno\s-n as pellagra in man. These features arc the 
cutaneous, lingual and buccal lesions, the diarrhea and the salivation. 
Another frequent manifestation of pellagra in man, however, is the 
involvement of the nervous system as described by Sandwith (2), 
Singer and Pollack (3), Mlnkelman (4) and Pentschew (5), who foimd 
degeneration of the medullary sheaths of the posterior columns and 
frequently also of the lateral and anterior pjTamidal tracts of the 
spinal cord. Lesions of the nervous system have not as yet been 
described in dogs with black tongue, and it therefore seemed worth 
while to investigate the possibility of their presence in animals sub- 
jected to a well controlled dietary regime. 

* The expense of this study was defrayed by a grant from the Research Fund at 
Yale University School of Medicine, 

t Standard Brands Inc. Fellow for the academic year 1931-32. 

' The phj-siological properties of what was formerly called vitamin B have since 
been shown to be due to at least two substances, a heat-labile, antineuritic factor 
and a thermostable, growth-promoting substance which appears to prevent pel- 
lagra. These factors have been designated vitamins B and G by some investiga- 
tors and B, and Bj by others. The latter nomenclature is employed in this paper. 
The term vitamin B complex refers to the undifferentiated mixture as it occurs 
in nature. 
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It ^Yas more than tacitly assutned hy (inlclhcrgcr and his associates 
that the essential factor lacking in the diet they ein{doyed was the 
pcllagra-prevcntiYC (P-P) substance or vitamin lb. 'hhe faults of 
the regimen make it at once apjiarent that the efTccIs produced on the 
animal may be multiple rather than single in nature. 'Phe diet is in- 
adequate in salts. It is rccogniited to be low in protein, and the level 
of casein in the ration does not preclude the possibility of a cystine 
deficiency. The relatively poorer biological value of the rnair.e pro- 
teins becomes of importance in this problem. Goldbergcr recognized 
this when, in his work done prior to the discover)' of vitamin B*. he 
suggested tliat an amino acid deficiency is involved in the ctiolog)' of 
pellagra. Furthermore, the greater part of the diet is composed of 
natural foods, and the antincuritic substance is supplied by them. It 
is not impossible that the amount of vitamin lb contained in the ration 
is subminimal and that this is of importance in producing certain of 
the features of tlie syndrome in question. As this vitamin is not 
found in nature entirely separate from the so called pellagra-preven- 
tive substance, the diet contains a small amount of vitamin lb. How 
great the influence of this slight but constant intake is in delaying the 
sjonptoms directly caused b}' deprivation of the B; factor cannot be 
measured. Moreover, the inclusion in the ration of so much corn- 
meal e.\poses it at once to the criticism of those who believe that pel- 
lagra is caused b}'- the ingestion of maize ( 6 ); and although zeism is 
now regarded by most of the workers in this field as a defective theor)’^, 
it has yet to be entirely disproved. 

To obviate the apparent faults of sucli a diet the aid of Dr. George 
R. Cowgill of the Department of Physiological Chemistry was enlisted 
in tire preparation of the artificial ration cmplo3Td in the experiment 
forming the basis of the present communication. This diet is much 
more higlily purified with respect to the water-soluble vitamin B2 than 
any ration hitherto employed in tliese laboratories for feeding e.xperi- 
ments with dogs. 

In an earlier contribution on the changes associated with deprivation 
of the vitamin B complex ( 7 ) it was found tliat one animal, wliicli 
had subsisted on a diet deficient in botli vitamins Bi and B2, showed 
degeneration of the median dorsal fasciculi of the spinal cord. The 
present study is an outgrowth of this earlier investigation. 
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It is to be noted (lint the protein level in calories jicr 100 ^m. of diet is identical 
in both rations (Table III). 


TADI.E III 
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Antincurilic vitamin I5i was administered separately in the form of a concen- 
trate prepared from rice polishings by lUock (10) after tests with rats showed an 
absence of the hcat-st.ablc vitamin H; from this product. The concentrate was in- 
jected intravenously or subcutaneously at such times when oral administration 
(by stomach sound) w.as incffectu.al owing to vomiting or diarrhea. The material, 
assayed by the pigeon method, was administered in excess of the minimal require- 
ments of the dog as established by Cowgill (11). A record of the amount of food 
consumed daily was kept throughout the experiment as a gauge of the appetite and 
indication for the administration of the antineuritic vitamin concentrate. 

Material Studied aud Technic Employed . — Complete necropsies were performed 
on all the animals and the thoracic and abdominal organs were c.xamincd grossly 
and, where indiaited, also microscopically. Blocks of these viscera were fi.xcd in 
a solution of formaldehyde, u.s.r. (1:10), embedded in parafTm, and stained with 
hematoxylin-cosin. The findings other than those in the ncrx'ous system, how- 
ever, will be mentioned onl^- briefly in this communication. 

Blocks of the brains and spinal cords, immediately upon removal from the 
animals, were fixed in 95 per cent alcohol, in the diluted solution of formaldehyde 
and in Jliiller’s solution. In the latter two fi.xatives were placed pieces of the 
brachial plexuses, sciatic, vagus and phrenic nerves. The alcohol-fixed material 
was embedded in celloidin and stained with toluidinc blue. The formaldehyde- 
fi.\ed material was used in part for the demonstration of fat by the Sudan III 
method, mj^elin sheaths by the Spielmeyer and axis cylinders by the Bielscliowsk)' 
methods; in part it was employed for the demonstration of medullar}’ sheaths by 
the Kulschitzky method after mordanting in Weigert’s rapid mordant. The ma- 
terial fixed in Muller’s solution (without formaldehyde) was stained with osmic 
acid, embedded rapidly in celloidin and sectioned at v30 microns. Blocks of the 
spinal cords were sectioned longitudinally as well as transversely, and an average 
of eight blocks at different levels were taken from each cord. Special effort was 
made to include the spinal nerve roots in the microscopic preparations. 

RESULTS 

Dog 1 . — A fat female, weighing 9.4 kilos, was given enough food daily to main- 
tain a weight of 7.0 kilos. Lost appetite on 21st day and was given antineuritic 
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vitnTT.in m;ifcnUA?r tn'.nvrr.oii-.ly. IntrAprritoncA! injection of tliir. pr(v.iiict on 
.'titli (iny foHonrd by inlmvcninis injection on •fist <i.ny. Animal found dead at 
‘5:r»'' a.m, of •'.*:<! <!ay and iiecro;>:.y i>crformcd at 2:00 p.m. I'inal wciplit: S.5 
J;i!o'. 

A larjte intta-al'domir.al hemorr’iape nas found oripinatinp from a granular, 
frial'le ma'.'- nttaclted to llie peritoneum in tlic region of tlic aipl'.oid. Micro- 
fcoj'irally tlii'. mn."- v.a^ comixi cd of granulation tissue in nliich there was much 
neern'i?. hcmnrrh.apc an<l leurocv tic infiltration. It rejirescntcd a localiacd peri- 
toneal reaction, the rcrult of tlic injection of the vitamin concentrate. 

In the grors, no lesions were found in either the central or peripheral nenmus 
s\-stc.ms in this animal or in the other seven. Microscopic c.xamination of the 
entire nen’ous .■■\-rtcm rcvealetl a normal picture. Tarticularly was there no esd- 
dence of degeneration found in the medullary sheaths of the iieriphcral ncr\-cs and 
spinal cord. 

2. — I'cmalc. weighing FA kilos, w.as given enough food to maintain that 
weight. .Ate fairly well throughout whole experimental period. .Animal operated 
on for strangulated h.crnin on .''1st day and in excellent condition by 5-Ith day. 
On IdOih day animal was muar.lcd on suspicion of coprophagy. Change in diet 
made on 16Sth day. X'omiting of undigested food quite frequent in last 2 months 
of regime. Death occurred suddenly on 2I4th day, without any terminal s\Tnp- 
toms. Final weight: •5.2 kilos. 

Nccrops.v was performed about 2 hours post mortem. Tlicrc was no evidence 
of dermatitis, gingivitis or glossitis. The entire gastrointestinal tract was lined 
by an intact mucosa. 

In the Marchi preparations of the sciatic nerves and brachial plc.xuscs a moder- 
ate degree of degeneration of the medullary sheaths w-as seen. Somewhat less 
degeneration was found in the phrenic and vagus ncn'cs. Fat could not, however, 
be demonstrated with Sudan III in any of these ncrs’cs. The spinal cord revealed 
no change by any of the staining methods employed, and this was also true of 
the cerebrum. 

Dog 3 . — Female weighing -1.3 kilos. Ate fairly well throughout whole experi- 
mental period. After 9Sth day vomiting of partly or wholly undigested food, and 
intermittent diarrhea. On 154th day animal was muzzled on suspicion of copro- 
phagy. Death occurred suddcnlj- on 218th day. No tcrmmal sj-mptoms were 
manifested. Final weight: 3.2 kilos. 

Examination was made approximately 5 hours post mortem, at which time the 
animal was found to be in a good state of nutrition. There was no evidence of 
dermatitis, gingivitis or glossitis. The teeth were in good condition. The entire 
gastrointestinal tract presented a normal picture. 

All the peripheral nerves showed a marked degree of degeneration of the medul- 
lary sheaths in the Marchi preparations, and a similar change was present in the 
posterior nerve roots of the spinal cord. In spite of these extensive changes in the 
hlarchi preparations, Sudan III stains revealed but a slight amount of fatty 
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change. In Spiclnicycr preparations only the posterior nerve roots showed 
definite degenerative changes. 

In tlie spinal cord a few scattered Mark droplets were licmonstrahlc by tlic 
Marchi nielliod. Tiicsc droplet.s were pre.^ent in greatest ahtind.nnre in the pos- 
terior fasciculi and to a less extent also in the anterior ri>rtiro,.[)inal and the dorsal 
and ventral spinocerebellar tracts, nemyclination of these trarls could not be 
demonstrated by any of the other staining mclhod.s, Xi<-d preparations of the 
spinal cord revealed no changes in the white matter, but many of the nerve cells 
of the anterior horns were shrunken and hyperchrurnatic anrl contained small, 
dark pericellular incrustations. 

Kulschitzky, Marchi, Sudan III and Xi.^sl preparations of the cerebrum, brain 
stem and cerebellum were all c.s.«cntially ncgati\'e. 

Dog •/. — Male weighing /.•} kilos. .Ate fairly well throughout whole experi- 
mental period. Intermittent diarrhea after 100th day. \’omiting of undigested 
food quite frequent during last 2 months of regime. On 22-Ith day anim.al w.is 
apathetic and walked with an unsteady gait. Death occurred suddenly on 22Sth 
day. Final weight; -1.0 kilos. 

Necropsy was performed about 6 hours post mortem. 'I’lic animal showed 
marked evidence of lo.ss of subcutaneous fat but no dermatitis, 'fhcrc were no 
lesions on the tongue, gingival or buccal and pharyngeal mucous membranes. The 
heart was dilated but showed no other change. 'I’he gastric mucosa was intact, 
but the duodenal mucosa contained three superficial ulcers each measuring 4 mm. 
in diameter. The remainder of the intestinal tract was lined by an intact mucosa. 

Marchi preparations of the brachial plexuses and the x’agus and sciatic nerves 
showed a striking degree of degeneration of the medullary sheaths; these obsen'a- 
tions were amply confirmed by both the Spiclmcyer and Kulschitzky methods. 
In the Sudan III preparations the degenerative changes appeared distinctly to be 
less severe. The posterior and anterior nerve roots of the spinal cord showed 
marked degenerative changes in the Marchi preparations. In the spinal cord it- 
self a distinct, paramedian, wedge-shaped zone of degeneration was present in the 
fasciculi gracilcs. Nissl preparations of the cord revealed a glia proliferative re- 
sponse in the posterior columns corresponding in size and shape to the lesion seen 
in the Marchi preparations. The glia partaking in this reaction were the rod- 
shaped Hortega cells, fat granule cells and fibrous astrocytes. Sections stained by 
the Kulschitzky and Sudan III methods failed to reveal fatty changes. The 
degenerative lesion could be traced through all Icx’^cls of the spinal cord. Neither 
in the cells of the anterior horns of the cord nor in those of the motor cortex of 
the cerebrum were any changes found in the Nissl preparations. 

Dog 5 . — Male xveighing 4.8 kilos. Given fat-poor diet beginning 109th day. 
Ate fairlj' well first 165 daj^s of experiment; thereafter incomplete food intake with 
20 per cent loss of body weight during subsequent interval of 54 daj’s. Small 
ulcerative lesions on legs and scaly skin shortly before death on 220th day of ex- 
periment. Final weight; 3.7 kilos. 
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Tl^c r.niniM v,.-.-. r.r.'to;v;ri5 jrr.r'.cdhtrly after tfeat!). Over t!ic Ixiny j)rnlul>cr- 
ar.i't-- (‘f if'-e {vr’,-. ti-.r fo:r Irjr '. the rhin e.ar. cxroriatc<l, niipnrcntly from con- 

{.ac! v.jih tl'.r r.are Slc-ir, l.ittlr .aifij'o'c ti^MJc prcfcnt MilKutancmi^Iy. 'Ilicrc 
V..-,-. r.o "’rri of yirrivi:;-. or ftio- •iti?, an<l the entire ftaj-trointcr-tinnl tract v.as free 
of i;]i'trai!c>n. 

Ihc ‘C'lntif, varu-. ar.ii phrenic ncr.T', a? v,cl) as tlic hracliia! jilcxuscs shorved 
by the Ntarchi n'.rth.o-.i ont.'p'.d.rn cirpcr.rration of the myelin sheaths. Sudan III 
j'rejo.r.itionv of ih.e ramc j'.rrvrs rhov.ed only occasional fat droplets within the 
tr.dicnrurium of cath fa-cindus. but the Spiclmcycr preparations revealed swollen 
rr,c<lul!.’.:y !h.ratl;'- and b.rl!'- an.d b.allo<ins of degenerated myelin. 

Tile jK' tcrior nerve rrtits of the spinal cord, and to a less extent the anterior 
ntrsc roots abi'. rhowed rlrr.cncrativc chanjtcs in the sections prcparcti by the 
March! mrtheyi (rir*. -i). ^^!c posterior columns of the spinal cord, particularly 
the columns of fioll, v.crr mnrl.cdly degenerated at all levels. A diflusc cellular 
rdiosis and icvcral plia rosettes v,crc seen in the columns of Goll in the preparations 
stained by th.c Nissl mrthevi. Tiie pliosis had a Irianpilar shafK; with the apex 
I'ointinp toward the central can.al of the spin.il cord. The motor horn cells were 
some'.’, hat hyperchromalic but were othcnvisc not altered. 

.An occasional ner\‘c cell in the cerebral cortex had foamy, honeycombed ejio- 
plasm, but the pi.anl motor cells of the precentral convolutions were normal. 

(5.— I'cmalc, weiphing 6.7 kilos, w.as given enough food calculated to main- 
tain a weight of 0.0 kilos. .Ate fairly well for 7 months, then incomplete food intake 
for last S5 daj's of cxfKrimcnl. Dog muxalcd on 147th day on suspicion of copro- 
phagj’. Change in diet made on 1 72nd day. Diarrhea and vomiting of partly or 
V, holly undigested food occurred on IGOlh day and persisted intermittently through 
remainder of c.xpcrimcntal period. Salivation noted on 297th day and became 
more profuse subsequently. Ilreath foul; gums and checks pale. Death on 300th 
day. Final weight: 3.0 kilos. 

Necropsy was performed immediately after death. The animal was emaciated, 
and there was loss of hair over the back. Ulcerations, I to 2 cm. in diameter, were 
present on the lateral surfaces of the fore and hind limbs. The buccal mucous 
membranes were strikingly pale but intact. There were no lesions on the tongue 
or gums. The mucosa of the whole gastrointestinal tract was intact but micro- 
scopically contained numerous cells undergoing mitotic dixision. 

.A marked degree of degeneration of the medullary sheaths was present in the 
brachial plc.xuses, the sciatic and vagus nerx'es. Both phrenics were also dcmyc- 
linated, but to a milder degree. This degenerative lesion was seen in the Marchi, 
Sudan III, Spiclmeyer and Kulschitzky preparations with equal clarity (Figs. 1, 
2 and 3). That it was of long standing was apparent from the fact that fat-con- 
taining phagocytes were in evidence in the interstitial connective tissue; the axis 
cylinders, nevertheless, were in a good state of preservation. 

The picture in the spinal cord was exceedingli' striking as regards degeneration 
in both the posterior nerve roots and the posterior columns. In contrast to the 
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severe involvement of liie posterior roots the anterior nerve roots were only slightly 
implicated. Degeneration of the po.stcrior columns (I'ig. S) was fotincl in all parts 
of the spinal cord. '1 he funicidi gracilcs were completely destroyed and, to a less 
c.\tent, the funiculi cuneati were also involved. In the latter columns, the medial 
halves were less severely injured than the lateral halves. Lissaucr’s fasciculi were 
completely degenerated, and the same was true of the central parts of the posterior 
nerve roots which radiate into the posterior horns. Karc, isolated fibers under- 
going degenerative changes were found in nearly all the other fiber tracts of the 
spinal cord, sensory as well as motor. In addition to these lesions, the proximal 
end of the seventh cranial nerve was found to be almost completely degenerated. 

Nissl preparations of the spinal cord showed proliferation of the protoplasmic 
glia and the microglia phagocyte.s in the posterior columns. The ncr\’c cells in 
the gray matter of the cord, including Clarke’s column, revealed no changes, nor 
were lesions found in the cortical gray of the cerebrum. 

Dos — Female weighing -1..^ kilos. Ate fairly well for 7 months, thereafter in- 
complete food intake rcsidting in weight loss to 2 kilos. Animal observed eating 
stools on 125th day; subsequently muzzled. Given fat-poor diet after 1 68th day. 
Vomiting and diarrhea after ISOth day occurring intermittently until death on 
0.31st day. Final weight 2.0 kilos. 

Post mortem examination was performed immediately after death. A purulent 
conjunctivitis was present in both eyes, but there was no trace of cataract forma- 
tion. The buccal mucous membranes were red and in spots superficially ulcerated. 
There was ulceration and bleeding of the gum over the upper left canine tooth. 
The tongue was normal. The gastrointestinal mucosa was intact grossly and 
microscopically contained numerous mitotic figures. Both parietal and chief 
cells were present in great numbers in the g.astric mucosa. 

An extreme degree of degeneration of the medullary sheaths was found in the 
peripheral nerves. Much jihagocytosis of fat on the part of large mononuclear 
cells could be seen in the interstitial connective tissue. Many medullated fibers 


were left completel}’’ unstained in the Spielmeyer and Kulschitzk}' preparations as 
a consequence of their complete degeneration. In the vagus nen’^e, e\ddence of 


degeneration was seen only in the Marchi preparations. 

Marked degenerative changes were present in the posterior nen'e roots of tlie 
spinal cord, but the anterior roots were completely spared. The posterior columns, 
from the lumbar to the cervical region, were completel}’' degenerated, but the col- 
umns of Goll suffered more than those of Burdach. The fibers that pass from the 
posterior columns into the posterior horns likewise displaj'ed a marked degree of 
degeneration (Fig. 6). No other fiber tracts than those already mentioned were 
in any way implicated in the demj'clinating process. An illuminating picture of 
the degeneration in the posterior columns was seen in the longitudinal sections of 
the cord stained by both tlie Marchi and Kulschitzky methods (Fig. 7). In spite 
of the severe changes in tlie medullar 3 ^ sheaths, the Bielscliowsk}’’ preparations 


revealed normal axis cylinders. 
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A$lrocytcs and phnpocytic glia were found in greatly increased numl>crs in the 
posterior columns of the spinal cord staina! by the NLssl mctho<l. TIjc nerve 
cells of both the cord and cerebrum presented a normal morphology. 

Dog S.— Female weiphing 4.4 kilos. After 122nd day given the fat-i>oor diet. 
.•\te fairly well for first 2.15 da>-s, up to which time original weight (4.2 kilos) w.is 
maintained. Incomplete food int.akc during bast 2 months resulting in loss of 25 
per cent of body weight. (.Antincuritic vitamin concentrate w.as not a\-ailab!c 
during this period.) Coprophagy noticed on 9Sth day and dog consequently 
muaaled. Diarrhea and vomiting of partly or wholly undigested food observed 
occasionally. Death without terminal symptoms occurred on 2S9th day. Fin.al 
avcight: 5.1 kilos. 

This animal w.is necropsied 3 hours post mortem. The skin wa.s excoriated 
over the joints of the fore legs. Tlie buccal mucous membranes, the tongue and 
the gums were in good condition. There were no ulcers in the gastrointestinal 
tract The heart was dilated and the left ventricle was hv-pertrophied. Micro- 
scopically the myocardium presented large zones of necrosis that were undergoing 
organization. The coronary- arteries and arterioles showed no evidence of organic 
occlusion to account for these infarct-like lesions. 

The vagus and sciatic nerves revealed striking degenerative lesions of the medul- 
lary sheaths. Surprisingly enough, however, the brachial plc.xuscs showed only 
slight c\ndcnce of injury, and the phrenics appeared to be entirely normal. 

A slight degree of degeneration was present in the posterior nerx-c roots of the 
lumbar region of the spinal cord; at other levels the posterior roots were normal. 
The anterior roots were uninjured at all levels. Within the cord, the columns of 
Goll alone were partially destroyed, but even here the axis cj-linders were well 
preserved. Longitudinal sections of the spinal cord stained by the March! method 
confirmed the fact that only the funiculi graciles were injured. 

In Nissl preparations of the cord, a feeble proliferative response on the part of 
the glia was seen in the columns of Goll. No neuronal lesions were found in either 
the cord or cerebrum. 


DISCUSSION 

The present investigation had been in progress over 5 months when 
it became apparent that the disease, black tongue, was not developing 
with the vitamin B;-deficient diet employed. It was at that time 
that the possible sparing action of fat on this xdtamin came under 
consideration, as already mentioned, and the change was made to the 
relatively fat-poor diet. In spite of this change the rate and coimse 
of the development of the disease complex was apparently vmaltered, 
for the animals only very gradually, though progressively, lost weight 
and developed persistent vomiting, diarrhea and marked muscular 
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weakness. JMoreover, (he reduction in dietary’ fat did not shorten the 
period of sursdval, as (lie two animals (Nos. 3 and 4) which continued 
to subsist on the fat-rich ration died long before three of the others. 
The oral lc.sions characteristic of black tongue wore lacking in all 
animals; only one had slight ulcers on the buccal mucous membranes, 
and one other salivated. In addition, (he customary rapidity of onset 
and progression of black longue stood out in sharp contrast to the 
slowly developing disease produced by the artificial ration lacking 
only vitamin B;. 

From these obscr\-ations alone it seemed apjiarent that something 
more than a deficiency in vitamin B; is responsible for part of the pic- 
ture of black tongue. 'J'his disease may be produced by a multiple 
deficicnc}', and in that rcsjicct approximates pellagra more closcty 
than the disease produced b\' a well balanced artificial ration lacking 
one factor onl}'. It is not denied that the diet employed by Gold- 
berger and his associates was deficient in vitamin Bj; it is simply 
aflirmed that no one part of the complex picture they produced could 
with certainty be attributed to any one specific factor. It is also 
affirmed that the artificial ration employed in the present study permits 
tlie conclusion that wliatever disease picture is produced is due to a 
lack of what at present is regarded as a single factor; namely, vitamin 
Bo. 

A word more needs to be said concerning the diets employed in the 
present investigation. They were fed to the animals in quantities 
calculated to be sufficient to maintain bodj’’ weight. Their known 
caloric content of protein, carboh 3 '^drate and fat permitted a proper 
balance of these substances to meet the requirements of adult dogs. 
Yet after prolonged intervals the animals invariably lost weight, which 
was due in whole or in part to vomiting or diarrhea. To be sure these 
disturbances were probably the result of the vitamin deficiency, but 
is it not possible that the resultant loss of such a substance as protein, 
for example, was responsible for the anatomic changes produced in the 
nervous system? A partial answer to tliis question is already avail- 
able (7). Dogs that were deprived practically completely of protein, 
carbohydrate and fat failed to show any lesions in the spinal cords, 
although they did have some degeneration of the medullary sheaths 
of the peripheral nerves. However, that condition represented an 
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cxprninrnt of .'•liorj duration, and is lluTcforc not comparable lo the 
j'roent lonp one. I’.xperimrnts are now in projrrc.'^s in tlii.s laboraloi^’ 
that have hern devifed to yield a lont: standinj: i)rolein deficiency in 
tlje hope tliat tljc question of il.s pos.dhie cfifect on the nervou.-; svaslcm 
will be answered. 

The chanpe.s in the spinal cord obstn‘e<l in all the animals of tins 
c.x]XTimcnt rxcejit J)o'r.s I and 2. which died before any of the others, 
consi.^ted of deprr.eration of the posterior columns, particularly those 
of Goll. degeneration of the pn.«tcrior nerve roots and, in two ani- 
mals, of slight degenerative clninges in most of the other fiber tracts. 
The dcgeneraterl mcdullarv' sheaths were being replaced by gliosis. 
Changes of this hind, as already mentioned, have been described in 
pellagra. They are not found, of course, in eveiy ease of this disease, 
but occur with sufficient frequency to be considered an integral part 
of it. Another veiy frequent lesion in pellagra is the axonal change 
in the ncr\‘c cells of the motor horns and precentra! gy’ri, whicli change, 
however, was entirely absent in these animals. 

^\^th regard to the degenerative changes in the peripheral nerves 
of the dogs in this c.vpcrimcnt, it must be slated that Righetti (12) 
alone has ever presented anatomic c%'idcncc of pol>'ncuritis in a case 
of pellagra. \Miat the incidence of this condition in pellagra really is 
cannot be stated with any degree of accuracy, inasmuch as the periph- 
eral nen'c.s have been c.\'amincd apparently but rarely at necropsy. 
Pellagra being a multiple deficiency disease, it is possible to attribute 
poljTieuritis to absence of the antincuritic vitamin Bi. In this in- 
vestigation, however, repeated intravenous or subcutaneous adminis- 
tration of this vitamin adequately supplied the animals’ needs as far 
as could be determined; yet there was present degeneration of the 
medullarj’- sheaths of the peripheral nerves of generally increasing 
severity with the length of time the animal was on the experimental 
ration. It is perhaps not surprising, after all, that demyelination 
resulted in these animals in the presence of an adequate supply of the 
antincuritic vitamin. This occurrence w'as shown to be possible in 
our earlier study already referred to (7). Moreover, it has been shown 
that an absence of vitamin A alone from the diet can produce demye- 
lination of the peripheral nerves (13). 

That the dogs employed in the present study were not suffering 
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from lack of the antincuritic vitamin is further evident from the fact 
that none of these animals developed tlie clinical manifestations of 
this deficiency. As is well known, some of these neuromuscular mani- 
festations consist of spastic paralysis, opisthotonus and convulsions, 
none of whicli signs were shown b}’’ any of the dogs in the present 
study. Also, the majority of animals develop these signs of vitamin 
Bi deficiency in from 60 to 90 days and succumb soon thereafter; 
whereas the animals in the present study lived from 200 to over 300 
days. 

Only after the completion of the anatomic study of the nervous 
system was the fact revealed that the most characteristic lesion pro- 
duced by tliis vitamin B; deficiency was the degeneration of the fiber 
tracts of the posterior columns. This lesion was so like that of tabes 
dorsalis in man that the necessity of a complete study of the reflexes 
and gait seemed indicated. Also, in a recent paper, Strauss and 
Castle (14) had predicted the presence of anemia and achlorhydria in 
animals deprived of the anti-pellagra vitamin. Unfortunately, none 
of these features had been adequately investigated in the present 
study; hence a new experiment designed essentially on the same lines 
as the present one has been started for this purpose, and the results 
will be reported later. 

SUMADVRY AND CONCLUSIONS 

Adult dogs maintained on an artificial, balanced ration adequate in 
aU dietary essentials as far as is knoMm except water-soluble, heat- 
stable vitamin Bo (G) developed, after a sufficient time, a slowly pro- 
gressive disease characterized by loss of weight, persistent vomiting 
and diarrhea, and marked muscular weakness, wliicli ended fatally in 
from 200 to over 300 days. 

The clinical features of tliis condition, as pointed out in the dis- 
cussion, are quite different from those characterizing tlie canine disease 
known as black tongue. 

The anatomic changes in this condition consist of marked demye- 
lination of the peripheral nerves, including the vagus; degeneration 
of the medullary sheaths and replacement by gliosis of the posterior 
columns of the spinal cord, particularly the fasciculi graciles; degenera- 
tion of the medullaiy sheaths of the posterior and less often of the 
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anterior nerve roots of the cord; occasionally slifrhl degenerative 
changes in most of the oilier fiber tracts of the corri. 

Attention is called to the fact that degenerative lesions in the central 
nervous system similar or identical with these have frequently been 
described in pellagra in man. 
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EXPLANATION OF PLATES 
Plate 4 

Fig. 1. Dog 6. Photomicrograph of brachial plexus. Marchi stain. X 125. 
Fig. 2. Dog 6. Photomicrograph of brachial plc.xus showing phagocj-tosed fat 
in interstitial connective tissue. Sudan III stain. X 250. 

Fig. 3. Dog 6. Photomicrograph of brachial plexus showing disappearance of 
many of the meduUarj' sheaths. Spielmeyer stain. X 125. 


Plate 5 

Fig. 4. Dog 5. Photomicrograph of posterior nerve root of spinal cord. 
Marchi stain. X 60. 

Fig. 5. Dog 6. Photomicrograph of posterior columns of thoracic portion of 
spinal cord. The funiculi graciles are more severely injured than the funiculi 
cimeati, Marchi stain. X 55. 
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Plate 6 

Fig. 6. Dog 7. Pliotomicrograpli of posterior column.s of limilLir i)orlion of 
spinal cord. Note degenerated fibers coursing into posterior liorns. IVIarclii 
stain. X 23. 

Fig. 7. Dog 7. Photomicrograph of longitudinal section of spinal cord. T^Iar- 
chi stain. X 75. 
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NUTRITIONAL MYOPATHY IN DUCKLINGS* 


r.Y AiAviN' M. rArrr.N*ni:iMi;ri. m.d., Ast. mariaxni; gorttscii, Pit.D. 

WiTi! -nir. Afr:sTAScr. or A;o:a Ai.r.xtr.rr 

{Frcit Ihc Def'.'.rlnrrls cf /V.'/.r.’o^y ar.d Bir.'opccI Chmistry, Ccllcgc of Physicians 
and SuT^cans, Cclutnhia University, AV.^ IVr/-) 

I'l.^TI-S 7 AND 8 

(Received for publication, October 6, 1933) 

II has been shown in previous papers (1-4) that young chickens on a 
simplified diet composed of skimmed mill: powder, casein, com-starch, 
lard, salts, cod liver oil, yeast, and paper pulp, develop a striking dis- 
order of the central nervous system which we have called nutritional 
cncephalomalacia. When this same diet is given to ducklings, no 
changes arc produced in the central nervous system, but they succumb 
to a remarkable and practically universal degeneration of the skeletal 
muscles. No other organs or tissues appear to be aflfccted. 

EXPERnrEKTAL 

Day old Pekin ducklings were kept in battery brooders for about 2 weeks, and 
then transferred to larger cages with adequate water pans. 32 c-xperimental 
animals received Diet 108,* to which water was added to make a paste. 15 nor- 
mal controls were given the Stock Diet 20." 

* This work was aided by the Research Grant from the Chemical Foundation to 
the Department of Biological Chemistry. 

* Diet 108 is composed of: 

per cerj 


Skimmed milk powder (Alerrell-Soule) 15.0 

Casein (Merck’s technical) 20.5 

Com-starch 20.0 

Lard 21.0 

Cod liver oil (Mead Johnson and Co.) 2.0 

Yeast (Fleischmann’s bakers’, dried) 5.0 

Salt mbeture (McCollum 185) 6.5 

Paper pulp (Eastman) 10.0 
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For tlic first 2 weeks, the behavior and appearance of llie two groups 
were much alike. Tlic clucks on the siinjiliricd diet showed less yellow 
pigmentation of bill and legs, but tlicy were active and grew fairly well 
(Chart 1). Quite suddenly in tlic 2nd or 3rd week, symptoms of cx- 
trcmewcakncss made llicir aiijicarance. 'J'lie birds were found sprawled 
flat, or in the earliest stages, walked awkwardly with feet turned in, 
and sometimes overlapping. When placed on tlieir back, they liad 
difficulty in righting themselves, and lay jiassivcly. As the weakness 
progressed, they could not raise the head from the table. The eyes 
were somewhat sunken. Sometimes there were coarse tremors and 
athetoid movements, but, in contrast to the encephalomalacic chicks, 
thehcad was not retracted and tlierc were no spasticity, no forced move- 
ments, and no stupor. Indeed, aside from the extreme weakness, 
tlie ducklings seemed not very ill; they appeared conscious of their 
surroundings, free from pain, and not at all irritable. There was 
usually a terminal loss of weight, probably from inability to obtain 
food. 

Most of the ducklings were sacrificed and studied soon after the 
onset of symptoms; some were found dead, without previous symptoms 
having been noted. After the symptoms were well established, re- 
covery did not occur. 

Pathology . — The subcutaneous fat and intra-abdominal fat was well 
preserved. Only tlie skeletal muscles showed pathologic changes. 
The most obvious feature was their pale color — often creamy 


^ Diet 20 is composed of: 

Wheat bran 

Wheat middlings 

Yellow corn-meal 

Ground oats 

Alfalfa leaf meal 

Skimmed milk powder . 

Cod liver oil 

Yeast 

Meat scraps 

Bone meal 

CaCOs 

NaCl 


per cent 
16.2 
12.2 
22.2 
11.0 
6.0 
18.0 
2.0 
2.0 
4.0 
4.0 
1.6 
0.8 
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yellow rather tlian dark red. In the gross, not all the muscles were 
equally afTected, nor was the alteration in the color nlway.s c.Ntreme. 
The muscle tissue was water}' and translucent, the contractility im- 
paired, but not usually wholly lost. 



Chart 1. Composite growth curves of ducklings for the first 22 days on Diets 20, 
11, and 108. The numerals at the right of each curve indicate the number of 
survivors. 

Microscopically, there was a varying proportion of necrotic fibers, 
showing the usual picture of hyaline or waxy degeneration. In the 
most acute cases, there was little or no cellular reaction, but the inter- 
muscular tissue was edematous. In cases which survived longer, 
there was an extreme cellular response in which myoblasts, histioc3rtes, 
and leucocytes of different types took part. Occasionally, basophilic 
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regenerating myocytes were jwesent. 'J'iic animals did not survive 
long enough for the necrotic fibers to become replaced by connective 
tissue or fat. Calcium deposits were not seen. Tlic lesions are il- 
lustrated in Figs. 1 and 2. The brain was e.vamincd in all the eases, 
and the spinal cord and sciatic nerves in many. No significant lesions 
were found. A study of the motor nerve endings by Rogers’ method 
showed, as in the nutritional muscular dystrophy of rabbits and guinea 
pigs (5), that these structures were not alTcctcd (Fig. 3). The only 
incidental lesions noted in a few animals were erosions of the gizzard 
mucosa, and in one case a perforating ulcer with peritonitis. The 
myocardium and smooth muscles were free of change, and nothing 
abnormal was seen in the other viscera. No detailed histological 
study has been made of the bones but there were no gross deformities. 
The epiphyseal cartilages were not widened, and the bones cut with 
great resistance. 

The controls grew well and when killed at corresponding intervals 
showed normal muscles and viscera. 

Cultures (from heart, liver, spleen, and in some animals from the muscle tissue) 
were made on infusion agar slants, and incubated for 7 days at 37°C. The re- 
sults are shown in Table I and offer no evidence of an infectious etiology. No 
bacteria or other microorganbms were demonstrable in the lesions. 

Of the 32 ducklings on Diet 108, 3 were found dead. 9 others presented typical 
myasthenic sjmptoms, but at autopsy, the muscle changes escaped notice, and 
the muscles were not sectioned for histological study. The observations upon 
the remaining 20 ducks are summarized in Table I, from which it can be noted 
that 17 showed pronounced and obvious sj’niptoms and lesions. There were 
3 negative cases. No. D-1895, which was killed on the 30th day because of weak- 
ness and prostration, proved to have perforating ulcers of the gizzard, but there 
were no muscle lesions, and tlie muscle creatine was within normal limits. No. 
D-1924 died on the 11th day of a generalized infection, probably due to an or- 
ganism of the paratyphoid group. No. D-1929 was killed on the 19tli day because 
it walked awkwardl}' and seemed weak on its legs. Altliough the muscle creatine 
was distinctl}'’ low, there were no histological changes in the muscle. 

In a previous study (6) it has been shown that tliere is a decrease 
in the creatine content of the muscles in nutritional muscle dystrophy 
of rabbits. Similarly in this disease of ducks, the creatine content of 
the degenerated muscle was reduced. 



AiAvis M. rAri'r.snr.iMr.n and makiannj: r.or.TTScu 


39 


Tlie ir)iii\'i(iunl v.ilucr. for lire miirrlr ricntinc, as detcriTiincd hy lire Rose, 
Hdmer, and ('hanutin modiflraiion of the 1‘olin mctluxl (7) arc listed in Table I. 
In 17 normal jhici.linfrs of th.e jarac aye. the miifclc creatine was found to have a 
mean wJue of •! niy. creatine per 100 yni. fresh tissue, with a standard deviation 

TAIll.r. I 


lifer! ('/Dir! lOE uppt: Ducks 


no,'V 

No. 

cn ii.rl 

« t « 

1 

IrT.t 1 

} 

1 


Ar-at>*?44 cf 
nutd-r 

Rmjrti 

(rr-.!fsl| 
* > » ! 


B 

100 

Irnh 






1 

rjf. 


1855 

K .10 

u. 

* 


so 6 

310 


1859 

K 22 


-- 

*T" "f" “i“ 

77 3 

217 


ISO] 

K 24 

•f -r-r 

- 

+ + 




1S93 

K 19 







ISOS 

KSO 

++ + 

— 

- 

77 S 

418 

Perforating ulcer of gizzard 

ISOS 

K 20 

+++ 

— 


S2 0 

301 


1S09 

K IS 

^0-4- 

— 

+++ 




1900 

K20| 

*r *r 4* 

- 

10.0.4.^ 

1 ‘ ' 

fm 

2S8 


wm 

D 27 



+++ 

7S.7 

236 


Wm 

K IS 

^4. 

— 

“f* “I" “i" 

81 8 

243 


mi 

K21 

+-1-+ 

— 

++++ 

82 8 

103 


MSi 

K 14 


— 


— 

128 

Cultures sterile 

1922 

K 19 

+++ 

— 


79.4 

187 

Liver culture — large Gram-posi- 








tivc diplococcus; spleen sterile 

1923 

K33 

++ 

— 


80.7 

302 


1924 

D 11 


— 

— 

— 

186 

B. paralypkosus from spleen. 








liver, and heart blood 

1925 

D 14 

+++ 

— 1 

++ 

— 

547 


1926 

K 16 

++ 

— 

++++ 

82.2 

88 


1927 

K 19 

+++ 

1 

+++ 

82.9 

179 

Cultures fromlegmuscle — sterile; 








liver Gram-positive bacilli. 








Erosions of gizzard 

1928 

K IS 

+++ 

— 

d — i — i — h 

82.6 

106 

Cultures sterile 

1929 

K 19 

+ 

— 

— 

77.6 

288 

Cultures sterile 


of ±56; the probable error of the mean was ±9.2, and that of the standard deada- 
tion, ±6.9. Although the creatine content of normal muscle varies greatly, 
the values given in the table for degenerated muscle are seen to be significantly 
low, ranging from 88 to 310 mg. 
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The only exception is No. D-1925, in wliicli fairly marked lc.sions were present 
with a creatine of 547 mg. However, difTcrent blocks of muscles in this animal 
showed great variation in the intensity of the histological changes, one being 
normal, and the sample taken for creatine determination may not have been 
representative. 

Moisture determinations were also made. The mean value obtained in 17 
normal ducklings was 78.3 per cent with a standard deviation of ±1.8; the proba- 
ble error of the mean was ±0.3 and that of the standard deviation was 0.2. It is 
apparent from the table that in many instances, the moisture content of the 
degenerated muscle was increased, a fact which is in accord with the obscr\'cd 
edema. 

Studies of the oxygen consumption and irritability were made by Dr. Joseph 
Victor and will be reported in a separate communication. 

The resemblance of these muscle lesions to those whicli arc produced 
in rabbits or guinea pigs by nutritional means (S) led to an experiment 
in which 10 ducklings were given Diet 11.^ Although some of the ani- 
mals showed a certain awkwardness in gait, in a few instances, so severe 
as to incapacitate them, this seemed to be associated 'witli deformity 
of the bones instead of muscle weakness or disease of the central nerv- 
ous system. Most of the birds showed excellent growth, and only 
in the 4 so crippled that they had difliculty in obtaining nourishment 
did death result. 

The muscular S 3 'stcm, both gross!}' and microscopicall}', was not affected. The 
creatine content of the muscle was 'within normal limits. The brain, cord, and 
peripheral nerves were also unaffected. The bones were not subjected to careful 
study. In one instance, however, rachitis-like changes — widening and irregularity 
of the cartilage, slight excess of osteoid, and fibrosis of the marrow, were present 
in the upper extremity of the tibiotarsus. 


^ Diet 11 is composed of: 

Rolled oats 

Wheat bran 

Casein (Merck's technical) 

Lard 

Cod liver oil (Mead Johnson and Co) 

NaCl 

CaCOs 

Skimmed milk powder 


per cent 

35.5 
12.0 

7.5 
8.0 
1.0 
1.0 

1.5 

27.5 
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DISCUSSION* 

The most intcrcslinp: aspect of these observations is that llic same 
diet produces in two dilTercnt species of birds widely different patlio- 
logical effects. In chickens, the injurious action is limited to the brain 
—in ducks, to the voluntary muscles. In both cases, the lesions are 
associated with characteristic clinical symptoms. 

It would be futile at this time to explain either condition in terms 
of known dictaiy* factors, or to speculate as to why such dramatically 
diverse diangcs should occur on the same diet in the two species. 

In spite of the close resemblance between the pathological lesions 
in the muscles of ducks on Diet lOS and those produced by Madsen, 
McKay, and Majmard (9) in goats, rabbits, and guinea pigs on s>'n' 
thetic diets, it would be unwise to assume that the same nutritional 
fault is responsible. The fact that Diet 11, which leads to severe 
muscle degeneration in rabbits and guinea pigs, is without effect upon 
the muscles of ducks makes the identity of the adan and mammalian 
disease very* doubtful. 

COKCLUSION'S 

Ducklings fed on a diet of skimmed milk powder, casein, corn-starch, 
lard, cod liver oil, yeast, salts and paper pulp rapidly develop a dis- 
ease characterized by extreme and progressive myasthenia, ending in 
death within a few days. 

Pathological changes are found in the skeletal muscles. These show 
widespread hyaline necrosis of fibers, with edema and cellular reaction. 
The brain and other parts of the central ner\'ous system are not 
affected, and no significant alterations are found in other viscera or 
tissues. The creatine content of the muscles is reduced in proportion 
to the muscle injury. Controls on a natural food diet remain free 
from the disease. 

We are greatly indebted to Dr. Abner Wolf for preparations of the 
neurites and motor end plates; and to Dr. C. A. Slanetz for the bac- 
teriological examinations. 
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EXPLANATION OF PLATES 
Plate 7 

Fig. 1. Duck 1898. Killed after 20 days on Diet 108; complete prostration. 
Gluteus muscle. Extreme wa.xy necrosis. The degenerated fibers are surrounded 
by myoblasts and histiocytes; the stroma infiltrated with great numbers of mono- 
nuclear and polymorphonuclear leucocytes. 


Plate 8 

Fig. 2. Duck 1921. Killed after 14 days on Diet 108. Extensor muscles of 
leg. Extreme necrosis and fragmentation of fibers with interstitial edema. Little 
cellular reaction. Insert shows higher magnification. 

Fig. 3. Duck 1926. Killed after 16 days on Diet 108, when unable to stand 
erect. Gluteus muscle — Rogers stain. In spite of extreme necrosis of fibers, 
the neurites and motor end plates arc normal in appearance. 
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AN INVESTIGATION INTO THE SIGNIFICANCE OF 
HORIvIONAL FACTORS IN EXPERIMENTAL 
POLIO^IYELITIS* 

Bv CLAUS W. JUN'GEBLUT, M.D., akd EARL T. EN'GLE, Pii.D. 

{From the Dcparlmciiis of Bacteriology and Anatomy, College of Physicians and 
Surgeons, Columbia University, Nezo Vork) 

(Received for publication, July 13, 1933) 

Polioni 3 *elitis continues to be a formidable problem in clinical medi- 
cine and public health. Although no one would today seriously 
question the infectious character of the disease, our knowledge of its 
pathogenesis is still imperfect. Thus, insusceptibility to the \drus, 
exemplified by the extent of racial and indi\'idual resistance, is so 
widespread that an attack of poliomyelitis after known exposure is 
the exception rather than the rule. Again, while the effect of age, 
season and climate on the outbreak of epidemics of poliomyelitis is 
well established, the manner in which these factors affect the mecha- 
nism of resistance to the disease remains obscure. The irregular spread 
of the infection has been interpreted as indicating a x^’ide dissemination 
of the virus among civilized populations, with the further inference 
that a majority of adult individuals can carry it without ill effects. 
Precisely where one should look for the source of this insusceptibility, 
however, is a question on which opinions are sharply dhrided. Most 
authorities incline to the belief that the protection is due to an almost 
universal process of specific immunization against the infectious agent, 
brought about either by abortive attacks of the disease (Wickman (1) ; 
Paul, Salinger and Trask (2)) or by latent epidemization (Wemstedt 
(3); Aycock (4)). The arguments which support these hypotheses 
have been gathered largely from epidemiological observations. WTiile 
the various data taken at their face value, particularly when viewed 
in the light of analogy with other infectious diseases, are suggestive, 
the evidence can by no means be considered as conclusive. On 

* Under a grant from the International Committee for the Study of Infantile 
Paralysis and from the Rockefeller Foundation. 
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analysis many inconsistencies become apparent, which we have dis- 
cussed in greater detail in a recent critical review (5). 

The inadequacy of the present hypotheses has prompted us to 
serious consideration of tlic merits of a simpler conception involving 
fewer unproved premises; namely, that the prcdeliction of the disease 
for the prepubertal age groups may indicate the absence in the child of 
certain physiological factors whicli, in their totality, are responsible 
for the difference between the immature and mature organism. In 
experimental poliomyelitis, the importance of the age factor is sug- 
gested by statements in the earlier and recent literature that younger 
monkeys are more susceptible to infection than are older ones (Land- 
steiner (6); Levaditi (7); Leiner and von Wiesner (S); Pette (9); 
Flexner (10)). As a matter of fact, most of the monkeys commonly 
available for experimental purposes are infantile or immature animals, 
ranging in weight from 5 to S pounds, and e.xliibit no signs of somatic 
or sexual maturity. The males still carry the testes in the abdominal 
cavity or vithin the inguinal ring, wntli a low degree of spermatogenic 
activity. The females rarely show reddening of the sexual skin or any 
other evidence of sexual maturity, tlie condition of the ovaries and 
uterus being distinctly prepubertal. 

It seemed important, therefore, first to investigate more systemati- 
cally whether the experimental infection in adult or subadult monke5'’s 
would proceed in a course different from that obsers’^ed in immature 
animals. Secondly, we decided to determine whether it was possible 
to obtain any evidence for enhanced resistance to poliomyelitic infec- 
tion in monkeys in which attempts had been made to induce in a 
sense a precocious physiological maturity by treatment \vith certain 
endocrine principles. This artificial change of endocrine balance 
could be accomplished experimentally in a variety of ways. Since tlie 
pioneering work of Philip Smith (11), Evans and coworkers (12), 
Smith and Engle (13), and Zondek and Ascliheim (14), the anterior 
lobe of the pituitary gland has come to be regarded not only as the 
“motor” of the genital system but also as an organ which has important 
functions for the growth of the body and the maintenance of inter- 
mediary metabolism. Another possibility of substituting a single 
phase of sexual maturity only was opened up by the application of 
principles evolved from the work of Allen and Doisy (IS) on the female 
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sex hormone. Finally, in order to provide for a fair basis of compari- 
son of such non-spccifically enhanced resistance wth the protection 
acquired by specific immunity, we have added some c.vpcriments on 
active immunization of monke>-s by poliomyelitis N-irus. The progress 
of tills investigation is presented in the following pages in three sepa- 
rate sections. 

Experimental Poliomyelitis in Adult or Suhadult M. rhesus and 
Virucidal Tests ref//; the Normal Serum of Adult or Suhadult 
hlonkcys and Apes 

Espcrimcnlal poliomyelitis was produced in a series of six adult or subadult 
rhesus monkej’s and one new-born monkey, cmplonng the usual tecliniquc of 
intracerebral infection. The dose of virus ranged from 0.1 to 1 cc. of a 10 per cent 
\’irus emulsion. Virucidal tests with the normal serum of the above animals and 
of two additional subadult monkeys were carried out simultaneously in the routine 
manner, the proportions of trims and semm in the different mixtures being adjusted 
to a greater or lesser severity. Infection experiments and vimcidal tests were 
accompanied by adequate controls. The results of this work, together with all 
technical details, appear in Table I. 

A study of Table I shows that poliom 3 'elitic infection in adult 
rhesus monkej's runs frequently a course more protracted than that 
obseiwed in immature animals, particularly when small doses of 
inoculum are used. Thus in three adult animals the incubation period 
was doubled or nearly doubled as compared with the controls, while 
in two other adult monkeys the severity of the infection ^Yas the same 
as with the immature animals. The above mentioned differences in 
the type of infection are comparatively slight but nevertheless note- 
worthy since the strain of passage virus used in this work for almost 
4 years has now acquired a uniform degree of infectivity with a rela- 
tively stable incubation period resembling that of rabies fixed virus. 
It is possible that greater differences might have been realized by a 
further reduction of the infecting dose. Of particular interest is the 
result obtained with Monkey 6 and its newly delivered j'oung. We 
were fortimate in obtaining this animal 2 days after it had given birth 
to a young one. Mother and new-born proved completely insuscep- 
tible to intracerebral infection with a potent dose of virus. The 
striking analogy, in this case, between animal experiment and 
empirical observations in man is obvious. The results of the virucidal 
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tests of the corresponding normal sera in this series arc in good agree- 
ment mtli tlic outcome of the infection experiments. Thus the scrum 
of two adult animals completely neutralized the virus in vitro while 
the greatly prolonged incubation periods with the scrum of anotlier 
subadult monkey and with the scrum of the rhesus mother and her 
young suggest some degree of neutralizing activdty. Tliesc obser- 
vations arc therefore confirmatory of earlier experiments, in which 


TABLE n 

Virsicida! Tests vcith the Normal Sera of SubaduU Chimpanzees 


Chlmpan- 

rcc 


Sci 

Approli- 
mate a;:c 

Viruddal l«l 

Montej* 

No. 

Amount 
o( Krrum 

Amount 
ol 10 per 
cent virus 

Result 


iij. 

■1 

yrs. 


Cf. 

1 

cr. 






f G73 

0.6 

0.6 

Complete paralysis. 

c 

70 


7 




26 days 



H 



0.8 

0.2 

No paralysis 

J 

57 


6 

G74 

0.6 

0.6 

Slight paresis, one 



H 





leg, 12 days 


62 


5-6 

G86 

0.6 

0.6 

Complete paralj'sis. 



■1 





8 days 


Technique of viruddal test as previously indicated. 
Controls: 


G61 (for G73, G74). Complete paralysis, 6 days. 

H2, HI (for H4). Complete paralysis, 7 daj3; almost complete paralysis, 5 
days. 

G79, G78 (for G86). Complete paralysis, 7 days. 

we described the occasional neutralization of the virus m vitro with 
the serum of mature rhesus monkeys (16). 

Through the kindness of Dr. Dochez and his associates. Dr. Knee- 
land and hliss hliUs, an opportunity was afforded to examine the sera 
of three subadult chimpanzees for polioddal properties.^ The results 
which are recorded in Table Ef, indicate clearly that the normal serum 

* Pettit and his associates (17) reported that they found the serum of a normal 
adult female chimpanzee devoid of virucidal power. The weight of this animal was 
given as about 30 kilos, the age was not stated definitely in j-ears. It would seem 
that this particular ape was of about the same age as our youngest animal. 
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of the oldest ape completely inactivated small doses of virus, while 
the serum of the animal next in age possessed enough virucidal power 
to produce a partial neutralization effect. In contrast to these two 
older cliimpanzecs, the scrum of the youngest animal was devoid of 
virucidal power in the proportions tested. These experiments offer a 
good analog}^ to similar data obtained witli the sera of human popu- 
lations presumably free from epidemic poliomyelitis (18) and support 
the concept of the physiological origin of the virucidal principle in 
normal human scrum. 

Influence of Preparafion 'cith Various Endocrine Principles on Die 
Resistance of the rhesus Monkey to Poliomyelitic Infection and on 
the Virucidal Pouxr of the Scrum 

(a) Effect of Implantation of the Anterior Pituitary Lohe from Adult 

Rats 

The most active principle capable of accelerating somatic develop- 
ment is the internal secretion of the anterior lobe of the pituitary. 
Wliile many extracts have been prepared by chemical manipulation, 
none have duplicated the conditions obtained in rats and mice by the 
daily implant of fresh glands from adult animals. Anterior pituitary 
implants from rats, therefore, were administered to a small group of 
five monkeys before infection, according to the method devised by 
Smith (11). 

The animals received intramuscularly in the thigh dail}’’ implants of from four 
to seven pooled anterior lobes of adult female or male rats during a period of from 
8 to 15 days. The response of the animals was in general similar to tliat observed 
after treatment with anterior pituitary' extract (Engle (19)). After completion of 
this course of preparation, the animals were inoculated intracerebraUy wth 1 cc. of 
a 10 per cent virus suspension, together with an adequate number of controls. 
The results of these experiments are brought togetlier in Table III. 

As can be seen from this table, there was a pronounced difference in 
the course of infection in two of the prepared animals, as indicated b}’’ 
the lightness of the symptoms and the prolonged incubation period 
when compared with the corresponding controls. Three other pre- 
pared animals, however, succumbed to the infection as rapidly as their 
controls and the disease had the same severity. The experimental 
evidence therefore, wiiile perhaps suggestive, was far from conclusive. 
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(b) Effect of Female Sex Hormone 

Recent investigations on the effect of various preparations of female 
sex hormone on tlie reproductive organs of rodents and monke\'s sug- 
gested a trial of these substances in our work 'J'hc two products which 
have been best studied, experimentally and clinically, arc amniotin 
(Squibb) and thcelin (Parke, Davis).- Amniotin prepared from the 
amniotic fluid of cattle is kno^m to induce estrus in castrated rats and 
mice; in the immature monkey it produces after 6 or 7 days a redden- 


TABLE ni 

Effect of Preparation vilh Anterior Pituitary Rat hr, plants on the Course of 
Experimentat Poliomyelitis 


Mon\;e>’ No. 

Duration of 
[ preparation 

Do«^sc 

daily 

Infection 

! cc, 10 per cent vnrtis inlracercbrally 



■■■ 


C27 

15 


Slight paresis one leg, 13 days 

C81 

15 

HmH 

Complete paralysis, 6 days 

D7 

15 


Partial paralysis one arm, 10 daj-s 

D42 

15 


Complete paralysis, 7 days 

D66 

8 


« it g II 


Controls'. 

C49 (for C27). Complete parah'sis, 5 daj-s. 

C96 (for C81). Complete paralysis, 7 days. 

D12 (for D7). Complete paralysis, 6 days. 

D57 (for D42 and D66). Complete paralysis, 5 days. 

ing of the sexual skin, swelling and edema of the external genitals 
and a considerable hypertrophy of the uterine endometrium with a 
variable premenstrual glandular development (Allen, Morrell, Engle, 
el al. (20)). Theelin, prepared in crj'stalline form from the urine of 
pregnant women, has the standard estrogenic properties in spayed 
female rats and on the whole, causes changes in the monkey similar to 
those described for anmiotin. Neither of the two hormones affects 
the size of the ovary, save that after prolonged treatment with massive 
doses the organ may be found to be actually smaller. 

= We are indebted to Dr. O. P. Kamm of Parke, Davis and Co., and to Dr. J. F. 
Anderson of E. R. Squibb and Sons for placing at our disposal generous amounts 
of these preparations. 
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Our experiments with these two hormones comprise a scries of four- 
teen monkeys, of whicli eleven were prepared by subcutaneous injec- 
tions vith thcclin and the remaining three with amniotin (sec Table 
IV). All animals were then injected intraccrcbrally with a potent 
dose of a 10 per cent virus suspension. WOiile a correct interpretation 
of our observations is difficult because of the limited number of e.x- 
perimental animals, the trend of the results would indicate tliat, with 
a few exceptions, the prophylactic administration of citlier theelin or 
amniotin had little or no demonstrable effect on tlie severity of the 
infection as compared witli the controls. This opinion is further 
strengthened by the failure of thcclin-treatcd animals to develop an}'^ 
\drucidal principles in the scrum. Vfficthcr the lighter infection ob- 
seiA'^ed in tliree tlicclin-prcparcd animals was due to diance or whether 
some other as 5 Tt uncontrollable factor was responsible for tliis effect 
must remain undetermined. At any rate, the results were not deemed 
sufficiently encouraging to stimulate furtlier investigation of this type 
of hormone. 

(c) Effect of Extracts Prepared from Sheep Anterior Pituitary 

Glands 

Pyridine extracts prepared from dried powder of anterior pituitary 
sheep glands have proved a potent source of hormones, active in 
enhancement of growth and stimulation of the reproductive system 
(Hisaw et al. (21) and Engle (22)). 

A total of seven immature monkeys of eitlier se.x were treated by daily injection 
with pyridine extracts prepared from powdered anterior pituitary sheep glands for 
periods of time varying from 9 to 16 days. After completion of this preparation 
the animals were inoculated intracerebrally with 1 cc. of 10 per cent virus suspen- 
sion and, at tlie same time, their serum was tested for virucidal power in the usual 
manner. This experimental series together with the accompanying controls is 
listed in Table V. 

It will be seen from Table V that onlj'^ one animal resisted intra- 
cerebral infection after preparation wliile the remaining animals suc- 
cumbed to the infection like the corresponding controls. However, 
the results of the virucidal tests vatli tlie sera of the prepared animals 
were more clear-cut. Thus, four sera completely inactivated the 
virus in vitro and the serum of a fifth animal should be listed as 
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TABLE IV 

Effect pf Prcparalioi; ~vitk Female Sex Hormone {Thcelin, Amniotin) on Course 
oj Experimental Ppliomyelitls 


Mon- 

to- 

■No. 

Vrcjuralion 

Dura- 
liun of 
prepa- 
ration 

daily 

Infection 

Virucidal tr?t teith scrum 
after preparation 

ESI 

0 

0.2 cc, 10 per cent 
v-irus 

d- O.R cc. fcnim 




cc. 






C2S 

ThecUn 

9 

2 

• Complete paralysis, 9 days 



C29 

« 

9 

2 

* P.arcsis one leg, 9 days 



D4 

U 

9 

2 

* tt 

tt It ^ 

i 



m 

C( 

9 

2 

* tt 

tt tt •J 

t 



D35 

<t 

15 

2 

* Complete paralj-sis. 

7 daj's 



D36 


15 

2 

• « 

it 

9 “ 

D48 

Partial paral- 









ysis, 8 days 

D37 

“ 

15 

2 

« tt 

U 

8 “ 



D3S 

(C 

15 

2 

* (( 

tt 

8 “ 



DS5 

(( 

8 

2 

« tt 

tt 

6 “ 



H72 

l< 

10 

1 

t “ 

tt 

7 “ 

no 

Compl. paraly- 









sis, 8 days 

HSO 

tt 

10 

1 

t “ 

tt 

6 “ 

111 

Paresis one leg, 









6 days 

C71 

Amniotin 

20 

4 

* « 

tt 

5 “ 



C76 

<( 

20 

4 

* tt 

tt 

7 “ 



C82 

It 

20 

4 

* tt 

tt 

5 “ 




* Monkeys thus marked received 1 cc, of 10 per cent \drus suspension intra- 
cerebrally. 

t ilonkeys thus marked received 0,2 cc. of 10 per cent virus suspension + 0,8 
cc. saline intracerebrally. 

Technique of virucidal test as previously indicated. 

Controls. 

C49 (for C28). Complete paralysis, 5 daj-s. 

CS4 (for C29). Complete paralysis, 7 days. 

Dll (for D4, D6). Complete paralysis, 5 days. 

D39, D40 (for D35, D36, D37, D38). Complete paralysis, 8 daj-s; complete 
paralysis, 6 days. 

D56 (for D55). Complete paralysis, 8 days. 

18 (forH72,H80, 110, 111). Complete paralysis, 7 days. 

C96 (for C7i, C76, C82). Complete paralj’sis, 7 days. 

D46 (for D48). Complete paraly'sis, 7 days. 
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partially neutralizing, leaving only two sera which were devoid of 
virucidal power in tlie amounts tested. 

(d) Efcct of Preparation with Prolan on Resistance to Experimental 
Infection and on the Virucidal Property of the Scrum 

By far the largest number of animals vail be found in this section. 
We have emphasized this particular phase of our investigation because 
of tlie unique advantages attending tlie use of anterior pituitary-like 
principles of human origin obtained in ricli concentrations by proper 
extraction from the urine of pregnant women. While pregnancy 
urine apparently contains a number of biologically and cliemically 
different hormones, the presence of a gonad-stimulating hormone is 
recognized as one of the cliief components. This particular substance, 
following the nomenclature of Zondek and Ascliheim, is called prolan. 

Prolan was prepared in our laboratories from large amounts of urine collected 
from women in the late and earlier stages of pregnancy, by two methods. The first 
one consisted in precipitation of tlie active principle by alcohol, the other by 
adsorbing it to benzoic acid. Either method yielded preparations high in ovary- 
stimulating activity when tested in the mouse or rabbit. These products as a 
rule were prepared so that the final solution represented a concentration of 1:40 
compared with the volume of the original material. 

A total of twenty-tliree immature monkeys of either male or female se.\ were 
prepared bj' daib' subcutaneous injections of 2 to S cc. of prolan for periods of 
time ranging from 9 daj’s to 1 montli. During this preparation the animals 
showed few outward pln'sical changes. Data relating to the response of monkeys 
to prolan treatment are published elsewhere (Engle (22)). Suffice it to state here 
that prolan is not a strong ovarian activator in the monkey, and fails to induce 
the estral response characteristic of glandular anterior pituitary principles. How- 
ever, it does cause activation of the interstitial cells in the testes. After com- 
pletion of this preparation, the animals were infected intracerebrally witli 1 cc. 
of a 10 per cent virus suspension; simultaneously virucidal tests were carried out 
to determine the capacity of the sera to inactivate the virus in vitro. The pro- 
tocols of tliis experimental series, including proper controls, appear in Table VI. 

A study of Table VI shows that protection against intracerebral 
infection can be obtained only in exceptional cases in monkeys pre- 
pared with prolan. Thus, only two animals proved refractory to the 
infection and two additional monkeys went through a very slight, 
abortive type of the disease after greatly prolonged incubation periods. 
In contrast to this, the results obtained from virucidal tests were far 
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superior. Of a total of twenty-nine different samples of scrum from 
prepared animals, ten inactivated the virus completely and five otlicr 
samples should be considered as possessing partial neutralizing power, 
judging from the lightness of the resulting infection or the marked pro- 

TABLE V 


EJfcct of Preparation v:ilh Extracts Prepared from Sheep Anterior Pituitary 
Gland on Experimental Infection and the Virucidal Property of the 

Scrum 


Monkey 

No. 

Dura- 
tion of 
prepa- 
raUoa 

Dc«- 

a?rc* 

daily 

Infection 

\'irucidal test with scru.'n after 
preparation 

t cc. 10 per cent Wrus suspension 
i.c. 

Mon- 

key 

No. 

Result 

0.6 cc. scrum -h 0.6 cc. 

10 per cent virus 


days 

«■. 




D71 

9 

n 

No parah'sis 

D85 

No paral3‘sis 

El 

16 

B 

Complete panil3'sis, 11 da3's 

E24 

U (( 

E8 

10 

B 

it it J « 

E18 

<( tt 

E91 

14 

wm 

Died before infection 

E39 

U (t 

ElO 


B 

Complete paral3'sis, 9 da3’s 

E19 

Complete parah-sis, 8 da3-s 

E93 

14 


“ “ 10 “ 

E73 

it *^11 ** 

ES7 

10 

B 

Partial “ 8 « 

D43 

« « J3 « 


* The extracts were prepared so that 2 cc. contained the equivalent of 0.6 gm. 
of dried pituitary. 

Technique of virucidal test as previously indicated. 

Controls'. 

D69 (forD71). Complete paralysis, 10 days. 

E15 (for El, E8, ElO). Complete paralysis, 7 da3-s. 

F17 (for E93, E73). Complete paraU’sis, 5 daj-s. 

E69 (forE57). Complete paralj-sis, 7 days. 

E23 (for E24, E18, E19). Complete paralysis, 7 daj-s. 

E34, E35 (for E39). Complete paral3'sis, 6 da3-s. 

E82 (for D43). Complete paral3'sis, 6 da3-s. 

D79 (for D85). Complete paral3’sis, 10 da3’s. 

longation of the incubation periods. In other words, about one-half 
of the sera showed some degree of polioddal power after preparation 
with prolan. One may feel reasonably assured that this property did 
not exist in that intensity before injection of the hormone smee there 
is a general concensus of opinion in the literature that the normal serum 
of immatmre rhesus monkej's fails uniformly to inactivate the virus 
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EJfcd of Preparation 'a'Uh Prolan on Pcsistaui 


Prep.ircd 
Monkey No. 

Duration ol 
prepnr.ition 

of 

prolan daily 

Intracerebral infection 

Result in prcp.irccl monkey 

Control 
Monkey No. 

Re: 


rfoyi 

fC. 




PI 

9 

8 

Complete paralysis, 7 days 

Dll 

Comp 

P2 

9 

S 

Partial “ 6 “ 

Dll 

U 

P3 

20 

S 

No paralysis 

C96 

« 

P4 

20 

S 

Partial paralj'sis, 16 days 

F40 

(( 

P5 

20 

8 

Complete “ 10 " 

F40 

te 

P6 

30 

2 

Died 6lh day without sj’mploms 

Gll 

Comp 

P7 

30 

2 

Comi>lcte paralysis, 6 days 

Gil 

(( 

PS 

30 

2 

Complete paralysis, 6 days 

Gll 

Comp] 

P9 

30 

2 

Complete paralysis, 7 days 

Gll 

Comp] 

PIO 

30 

2 

Died 2nd day without symptoms 

Gll 

Compl 

Pll 

30 

4 

Complete paralysis, 7 days 

Gll 

Compl 

P12 

30 

4 

Died before infection 



P13 

30 

4 

Complete paralysis, 6 days 

G61 

Compli 

P14 

30 

4 

Died before infection 



P15 

30 

4 

Died before infection 



P16 

30 

4 

Died before infection 



P17 

30 

4 

No paralj'sis 

H2 

Coniple 

PIS 

30 

4 

Died before infection 



P19 

30 

4 

Complete paralysis, 10 days 

H2 

Comple 

P20 

30 

4 

Died before infection 



P21 

30 

4 

II II << 



P22 

15 

5 

Complete paralysis, 8 days 

121 

Comple 

P23 

15 

5 

Partial “ ^ “ 

121 



All prepared animals received 1 cc. of 10 per cent virus suspension. 

All control monkeys received 0.6 cc. of 10 per cent virus suspension + 0.6 cc. saline or n. 


The serum of the prepared monke3's was tested in amounts of 0.6 cc. against . cc. o 
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al Iitfeciioii and on the Virucidal Properly oj the Scrum 



Viruddal lest tcilh aflrr preparation 

y 

Test 

Monkey Xo. 

1 

Result in lest monkey 

Control 
Monko' No. 

Result in control monkc>' 

lays 

4( 


Not tested 

It (C 






<( 

tt 

F4 

tt tt 

Paralysis one arm, 16 d.ays 

F40 

Complete paralysis. 

6 days 

(1 

F38 

1st bleeding. No paralysis 

F31 

tt 

tt 

7 

tt 


F44 

2nd “ Complete paralysis, 9 days 

F40 

It 

tt 

6 

tt 

days 

G16 

No paralysis 

Gll 

1 ** 

tt 

6 

ft 

It 

G2 

1st bleeding. Partial paralysis, 10 days 

F97 

i Partial 

It 

10 

it 


G20 

2nd “ No paralysis 

G19 

[ Complete 

it 

5 

tt 

da>'s 

G5 

1st “ No 

F97 

Partial 

tt 

10 

tt 


G95 

2nd “ Complete paralysis, 7 days 

G19 

Complete 

U 

5 

CC 

days 

G6 

1st “ No paralysis 

F97 

Partial 

tt 

10 

tt 


F90 

2nd “ Complete paralysis, 8 days 

G19 

Complete 

if 

5 

tt 

daj-s 

G7 

1st “ Partial “ 11 “ 

F97 

Partial 

tt 

10 

tt 


G96 

2nd “ No paralysis 

G19 

Complete 

tt 

5 

tt 

days 

G15 

Complete paralysis, 7 days 

Gll 

tt 

tt 

6 

ft 


G62 

1st bleeding. Complete paralysis, 8 days 

G61 

it 

tt 

6 

It 


H20 

2nd “ “ “ 7 “ 

H21 

t( 

tt 

7 

tt 

days 

G63 

Partial paralysis, 1 1 days 

G61 

tt 

tt 

6 

tt 


G64 

1st bleeding. Partial paralysis, 11 day's 

G61 

tt 

tt 

6 

tt 


G97 

2nd “ No paralysis 

G79 

It 

tt 

7 

ft 


G6S 

1st 

G61 

ft 

ft 

6 

it 


G85 

2nd “ Complete paralysis, 9 days 

G61 

tt 

ft 

6 

tt 


G84 

Complete paralysis, 14 days 

G79 

tt 

tt 

7 

It 

days 

G83 

1st bleeding. Complete paralysb, 9 days 

G79 

tt 

tt 

7 

tt 


HIS 

2nd “ No paralysis 

H22 

tt 

it 

8 

ft 


G82 

Slight paresis arms, 9 days 

G79 

ft 

tt 

7 

ft 

■ days 

H14 

Complete paralysis, 14 days 

H2 

tt 

it 

7 

cc 


H23 

« (( y (f 

H21 

tt 

ft 

7 

ft 


H2S 

tt tt y tt 

H21 

ft 

ft 

7 

cc 

i days 

115 

No paralysis 

121 

tt 

tt 

6 

ft 

5 “ 

1 116 

Complete paralysis, 14 days 

121 

tt 

CC 

6 

cc 


ey serum except Nos. H2, H21 and 121, which received 0.2 cc. of 10 per cent virus suspension + 0.8 cc. 
t virus suspension. Technique of viruddal test as previously indicated. 
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when tested in the usual proportions. However, wc liave again 
satisfied ourselves in this investigation occasional tests that the 
serum of experimental animals contained no demonstrable virucidal 
substances before hormone treatment was begun. In several in- 
stances, where tlie animals were bled repeatedly during Uie period of 
preparation, r.c. at early and late intervals, conflicting results were 
obtained in the virucidal tests. We cannot at present account for 
these irregularities inasmucli as sometimes the earlier bleeding proved 
the better and the later tlie poorer, while in other cases tlie reverse was 
true. It follows from these observ'ations that the virucidal power of 
tlie serum developed as the result of hormonal stimulation is very 
irregular and fleeting, depending upon variations in responsiveness 
whicli so far are beyond experimental control. 

In order to exclude the possibilitj' that tlie idrucidal substances in 
the serum of prepared monkeys owe their origin to some entirely non- 
specific effect following the parenteral introduction of large amounts 
of foreign protein, six additional monkeys w^ere prepared in a similar 
manner with liver e.xtract and with spleen extract. None of these 
animals were found protected against intracerebral infection and none 
of the sera after preparation show^ed any evidence of virucidal activity. 

Effect of Active hnvninizalion with Dead and Live Virus on the Resis- 
tance of the Monkey to Experimental Infection and on the Virucidal 

Property of the Scrum 

It has been shoivn repeatedly that active immunization with the 
specific agent of tlie disease induces in monkeys a state of immunity 
which can be demonstrated b}'’ resistance of the immunized animals to 
intracerebral infection and by the appearance of virucidal substances in 
the serum. The percentage of protected animals has varied consider- 
ably in the hands of different investigators according to the methods 
employed (23). In order to compare non-specific enhancement of 
resistance obtained by hormone preparation witli the effect of specific 
immunization, we immunized a larger number of monkeys with dead 
or live virus and examined the animals after immunization for acquired 
resistance by infection and virucidal tests. 

The first series comprised eight monkeys whicli received large doses of formalin- 
inactivated virus by the subcutaneous route. A total of eight injections, each 
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consisting of 5 cc. formalinizcd 20 per cent vims suspension, were administered 
over a period of 4 weeks. After a rest period of 2 weeks the animals were infected 
intracerebrally and their semm was tested for vimcidal power hi vitro. 

None of the treated animals was protected against the infection and 
none of the sera showed any evidence of virucidal property. 

In a second scries, a total of si-xteen monkeys received daily injections of 2 cc. 
20 per cent live virus suspension by the subcutaneous route during a period of 1 
week. Eight of these animals received in addition daily injections of prolan. 
This latter modification was introduced on the assumption that a more marked 
effect may possibly be obtained by a combination of virus and hormone. Two of 
the sixteen monkeys developed poliomyelitis shortly after completion of immuni- 
zation. The remaining fourteen were infected after a rest period of 2 weeks by 
intracerebral injection of 0.2 cc. of 10 per cent virus suspension. The results of 
this work arc presented in Table VII. 

It appears from Tabic VII that of a total of fourteen immunized 
animals, six resisted the intracerebral infection and three additional 
animals showed only partial paralysis, while five succumbed to the 
infection with fully developed s}miptoms. Of the completely para- 
lyzed animals, three had been immunized vath virus alone and two with 
^nrus and prolan. The six fully protected animals were evenly 
divided between the two types of immunization. This experiment 
therefore permits of the conclusion that there existed no appreciable 
difference between the effect of virus alone and virus in conjunction 
with prolan, as immunizing agents. It also demonstrates tliat active 
immunization ■with live virus, under the conditions described, leads 
to complete or partial protection against intracerebral infection in 
about two-tliirds of the cases. Dead \arus, on tlie other hand, com- 
pletely lacks any immunizing properties. 

DISCUSSION 

In analyzing the data reported in this paper, it seems likely tliat a 
dual mechanism of protection against poliomyelitis must be recognized 
in the monkey. Our experiments with adult rhesus monkeys and sub- 
adult cliimpanzees leave no question that age alone conve)^ to the 
animal a certain degree of enhanced resistance, which in all prob- 
ability is purely physiological. Attempts to reproduce in immature 
monkeys this relative state of mature insusceptibility by the adminis- 
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tration of single hormones, have led to success in the case of at least 
two internal secretions; i.c., anterior pituitary hormone extracted from 
sheep glands and anterior pituitary-like principles from pregnancy 
urine of man. The enhancement of resistance, however, is only in rare 
instances sufficiently marked to protect against intracerebral infection, 
but manifests itself chiefly in the liberation of x-iruddal substances 
into the serum of the prepared animal. This intensification of sero- 
logical acti\dty is probably best e.xplaincd by assuming an accelerated 
rise of preformed neutralizing substances from an imperceptible 
immature level to an experimentally recognizable, mature concentra- 
tion under the influence of hormonal stimulation. Quite apart from 
this physiological enhancement of resistance, it is also clear that a pro- 
portionally higher degree of protection can be obtained by immuniza- 
tion •^'ith the specific virus. The two processes, although accom- 
plishing similar results, are obxaously totally dissimilar in mechanism. 

WTien an attempt is made to correlate these experimental findings 
with the probable mechanism of susceptibility to poliomyelitis in man, 
no definite ansu-er can be given. While it is premature to discuss 
here the debatable clmical evidence of the presence of endocrine 
stigmata in children attacked by poliomyelitis, some epidemiological 
inferences may be drawn with reasonable safety. There can be no 
question that immunization by the virus plays a certain part in 
populations where the disease is widely prevalent; and this immuni- 
zation may conceivably take the form of responses to either latent or 
manifest antigenic stimuli. The first alternative was well demon- 
strated in a recent observation of Kramer’s (24) who proved that 
children after contact with a case of poliomyelitis acquired virucidal 
properties in the senun, without developing any signs of the disease. 
This change in serum reaction, however, occmxed only under con- 
ditions of very intimate contact implying an actual implantation of 
the virus, and failed to come about after casual contact, which, after 
all, represents the more common form of human relationship. The 
second possibility was experimentally substantiated when Trask and 
Paul i(25) could show that children following an abortive attack of 
poliomyelitis developed a definite, though in most cases only transient, 
virucidal titer in the serum. If Faber (26) is correct in denying an 
extranervous phase of poliomyelitic infection, the frequent and re- 
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peated occurrence of so called abortive attacks among the population 
at large may again well be questioned. 

It becomes tlierefore increasingly difficult to reconcile the extent 
and persistence of insusceptibility to the disease, particularly among 
tlie older age groups, with the known or suspected manifestations of 
immunization by the virus. The experimental facts recorded in this 
paper lend support to the opinion that the gradual increase in ser- 
ological activity and the corresponding rise of resistance with age arc 
largely due to a scries of developmental changes in constitutional per- 
fection, markedly influenced or even controlled by endocrine function 
(27) and the laws of heredity (28). The present status of tlie problem 
is probably best expressed by Armstrong (29) : “There is certainly a 
specific immunity to poliomj’clitis as tlicre is to many otlier diseases, 
but the assumption that resistance to a virulent strain is always de- 
pendent upon a specific immunity gained through contact with feeble 
strains of that virus, is hardly an established fact.” 

CONCLUSIONS 

1. Adult rhesus monkeys possess frequently a greater resistance to 
experimental infection ivitli poliomyelitis virus than young monkeys 
as indicated by the prolongation of the incubation period and the 
content of feeble neutralizing substances in the normal serum. 

2. Virucidal substances can be demonstrated in the normal serum 
of subadult chimpanzees. 

3. Immature monkeys prepared vfith glandular anterior pituitary 
hormones and anterior pituitary-like principles from the urine of 
pregnant women are protected only in exceptional instances against 
intracerebral infection with poliomyelitis virus. However, the serum 
of sucli prepared animals frequently acquires the property of inactivat- 
ing the virus in vitro. 

4. Active immunization with live poliomyelitis virus renders the 
immunized monkeys resistant to intracerebral infection in a higher 
percentage of the cases than does preparation with hormone. 

5. The relative merits of non-specific enhancement of resistance and 
of specifically acquired immunity are discussed in tlieir relation to the 
probable mechanism of resistance to poliomyelitis in man. 
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A STUDY ON BACTERD\L PROTEINS WTTH SPECL\L 
CONSIDERATION OF GONOCOCCUS /\ND 
MENINGOCOCCUS* 

By ALDEN K. boor, Pn.D., aso C. PinLLIP MILLER, M.D. 

(From the Department oj Medicine, The University of Chicago, Chicago) 

(Received for publication, September 5, 1933) 

The isolation of “nucleoproteins" from microorganisms dates back to Stutzer’s 
(1) chemical investigation of yeast in 1882; but their first identification in one of 
the common pathogens seems to have been the result of Aronson’s (2) work on the 
diphtheria bacillus in 1900, Since that time a considerable literature has accumu- 
lated. WTien the mere presence of “nucleoproteins” in bacteria ceased to be a 
novelty, and their analysis proved too difficult for the classical techniques of bio- 
chemistry, interest shifted to their immunological behavior. 

The few references which follow are to studies particularly pertinent to the prob- 
lem in hand. Heidelberger and Avery (3, 4) prepared from pneumococci a “puri- 
fied nucleoprotein” which was capable of engendering antibodies, and in its antigenic 
behavior exhibited species specificity but not t>'pe specificity. Lancefield (5) 
in 1925 studied the “nucleoproteins” of several strains of Streptococcus viridans, 
and subsequently (6) those obtained from hemolytic streptococci. Heidelberger 
and Rendall (7) fractionated the protein of a scarlatinal streptococcus. An 
exhaustive review of the published work on the tubercle bacillus is to be found in 
the recent book by Wells and Long (8). 

The work reported below began as a study of the chemical and im- 
munological properties of the protein and non-protein fractions ob- 
tained from gonococcus and, for purposes of comparison, from menin- 
gococcus. The tmexpected finding of positive cross-reactions with 
immune serum to an unrelated species (Pneumococcus Type TTT ) as 
reported in our preliminary communication (9) led to an extension of 
the investigation to include several other organisms. “Nucleopro- 
teins” were therefore prepared from Micrococcus catarrlmlis. Staphy- 
lococcus aureus, Streptococcus hemolyticiis, and an R strain of pneu- 
mococcus. 

* This research has been aided by a grant from the Albert B. Kuppenheimer 
Foundation. 
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Methods 

The organisms were cultivated in ordinary 16 ounce medicine bottles on an agar 
medium^ consisting of a tryptic digest of egg white (from which the heat-coagulable 
proteins had been removed), dextrose, and an appropriate mixture of salts. The 
12 to 18 hour growth was removed with 0.9 per cent sodium chloride solution, 
filtered through a thin layer of cotton supported by gauze, separated by centrifuga- 
tion, and washed tlirice by alternate suspension in normal salt solution and 
centrifugation. 

Organisms grown in liquid media were also employed in the preparation of bac- 
terial nuclcoprotcin. In the case of gonococcus and meningococcus this medium 
contained tlie same ingredients as the solid, less the agar (11). For pneumococcus 
ordinary meat infusion broth was used. After incubation for 18 hours the organ- 
isms were recovered by centrifugation and treated in the same way as those grown 
on solid media. No differences were detected in the immunological behavior of the 
nuclcoproteins prepared from a given organism grown on solid or in liquid medium. 
The former therefore became the routine method as it was the more efficient. 

Extraction of the so called “nucleoprotein” from tlie bodies of the organisms was 
accomplished by tlie several methods described below. The procedures varied 
from rather drastic chemical treatment to simple mechanical disintegration of the 
cellular structure. The method employed at the beginning of this study was that 
which Lancelield had found satisfactory for the preparation of her streptococcal 
nuclcoproteins, briefly, extraction witli N/lOO sodium hydroxide. It was soon 
found, however, that alkali in considerably lower concentrations would extract tlie 
proteins of gonococcus and meningococcus, and the method was accordingly modi- 
fied to the one described under Section 6 below. But when certain unexpected 
cross-reactions were encountered, consideration was given to the possibilit}' that 
alkali even so dilute might have denatured the proteins. For purposes of control, 
therefore, preparations were made by such innocuous, tliough relatively inefficient 
methods as to rule out this possibility. 

Stained smears of the organisms were examined microscopically to compare tlie 
effects of the various treatments on their morphology. Onlj' insignificant changes 
were observed in the contour of tlie Gram-negative cocci, though tlie cellular 
content of stainable material was reduced roughly in proportion to the quantity of 
alkali to which they had been exposed; i.c., to their loss of protein by extraction. 

1. Extraction with Distilled TFa/cr.— -The well packed bacteria were suspended in 
3 to 4 volumes of cold distilled water and allowed to stand for 12 hours at 4-S°C. 
The yield from this extraction was very small, as was to be expected, since the true 
nucleoproteins and many other protoplasmic constituents are insoluble in water. 

2. Maceration with Sodium Chloride.— To 20 cc. of fresh, moist organisms, well 
packed by centrifugation, were added 22.5 gm. of fine crystals of sodium chloride, 

1 Described as the control medium in the paper by Miller, Hastings, and 
Castles (10). 
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and the mixture was vigorouslj- ground in a mortar from time to time during 1 
day. After standing overnight at room temperature, 2.5 liters of distilled water 
were added, a quantity sufficient to reduce the concentration of sodium chloride to 
about 0.9 per cent. It was presumed that the cells might take up sufficient salt 
during their maceration to cause their disruption when the distilled water was 
added. This method was somewhat more efficient than the first. The jaeld was 
further increased by the addition of sufficient solid sodium carbonate to the salt 
crystals to make a final concentration of 0.27-0.5 per cent. 

3. Grinding in the Dry State. — Fresh organisms were spread in a thin laj'cr on a 
watch-glass and dried in vacuo over sulfuric acid. They were then ground for 72 
hours in a rotary ball mill and subsequently extracted with distilled water. 

4. Freezing and Tliaudng. — ^loist, packed organisms were rapidly frozen and 
thawed 4 times, then suspended in water. Microscopical examination showed 
most of the cells to be still intact. 

5. Surface Tension Depressants. — .A.ttempts were made to effect lysis of the 
organisms by purified solutions of sodium olcatc, sodium ricinoleatc, and sodium 
taurocholate. With the exception of pneumococcus, which was promptly dis- 
solved by each of these, the result was no better than that accomplished by simple 
alkalinization to the same degree. (See Section 6 below.) Difficulties were en- 
countered in preparing the proteins from these extracts as traces of the soaps could 
not be removed and gave false precipitin reactions. 

6. Treatment •xith Dilute Alkali. — Organisms were suspended in 10-15 volumes 
of cold distilled water containing a trace of phenol red as indicator. Sufficient 
sodium hj-droxide was added to bring the reaction to pH 7.6-7.8. The suspen- 
sion was kept in the refrigerator at 4-8'’C. for 12-18 hours, during which time the 
reaction was maintained at pH 7.6-7.8 by the addition, whenever necessarj-, of 
sodium hj-droxide. It was found that a batch of 20 cc. of packed organisms, sus- 
pended in 2.5 liters of water, usually required a total of about 25 cc. of K/lOO 
sodium hydro.xide. This method was found to be the most satisfactory and was 
employed in preparing the proteins from the three Gram-negatives and pneumo- 
cocci used in the e.xperiments which foUow. It was chosen because it was more 
efficient than the foregoing and jielded a product indistinguishable immuno- 
logically from those obtained by simpler means. In the case of the staphj-lococcus 
and streptococcus, satisfactory extraction was accomplished only in n/ 100 NaOH 
so that method was necessary in the preparation of their proteins. 

The products obtained by these various methods of e.xtraction are doubtless of 
different composition, since the components of so called “bacterial nucleoprotein’’ 
(albumin, globulin, mudn, nucleoprotein, etc.) differ in their respective solubilities 
in water, dilute alkali, and normal saline; but the variation in composition was 
regarded as quantitative rather than qualitative because all of the preparations 
from a given organism gave the same immunological reactions. 

Preparation of the Protein. — ^The extract was freed by centrifugation from in- 
soluble matter m suspension, and to it was slowly added, with constant stirring, 
dilute acetic acid, in the least quantitj' required to give a mavimnm precipitate. 
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After the heavy precipitate had settled, the supernatant liquid was decanted and 
used in the preparation of the carbohydrate described in the following paper (12). 

The precipitate was dissolved in sodium hydroxide solution, at pH of about 7,8, 
reprecipitated with acid, and centrifuged. This precipitation was repeated once 
more. Then the protein was dissolved and dialyzed in bags of cellophane (No. 
600) against distilled water for several days. During dialysis the protein solution 
was covered by a protecting layer of toluene. The dialyzed solution was evapo- 
rated to dryness in an air current at 56°C. and preserved in the dry state. 

A later paper will report our findings on the peculiar nature and immunological 
effect of some of the individual proteins obtained by fractionating these protein 
mixtures. 


Properlies 

The bacterial protein used in these experiments is designated 
“nucleoprotein” (in accordance with common usage), although it is 
admittedly a mixture of acid-precipitable cellular proteins, including 
albumins, globulins, etc., as well as the true nucleoproteins. All of 
the preparations were partially soluble in distilled water and entirely 
soluble in a solution made alkaline, pH 7.6, with sodium hydroxide. 
They gave all the usual protein reactions; c.g., biuret, xanthoproteic, 
Millon, Hopkins-Cole, sulfosalicylic acid and phosphotungstic acid 
tests. A positive Molisch test on each of them indicated the presence 
of a carbohydrate radical. 

Toxicity for Laboratory Aniinals . — Intravenous injection of saline 
solution of gonococcal or meningococcal nucleoprotein in an}'- consider- 
able amounts proved lethal to rabbits. A series of experiments was 
therefore performed to compare the relative toxicity of these two 
organisms with their respective nucleoproteins. In the interest of 
economy of material, 20 gm. mice were used as the test animal and 
intraperitoneal injection as the method of administration. 

Freshly grown organisms were spread on a watch-crystal, desiccated in vacuo, 
and taken up in sufficient saline to make a 0.5 per cent suspension on a basis of dr}' 
weight. In the case of meningococcus the suspension was heated at 56°C. for an 
hour. The nucleoproteins were likewise used in 0.5 per cent solutions. I he con- 
centration of protein in the bacterial suspensions was therefore somewhat less tlian 
in the nucleoprotein solutions, but, since no quantitative determinations were made 
of the organisms’ actual content of this constituent, more accurate equivalence was 
impossible. The results were found to be significant, this small discrepanc}' not- 
withstanding. 
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Several experiments indicated the minimum lethal dose of gonococci 
for white mice to be between 2.5 and 5.0 mg. and that of the nucleo- 
protcin to be only slightly greater. As the error inherent in such a 
method of biological assay can be corrected only by the use of numbers 
of animals great enough to be treated statistically, these figures must 
be regarded as close appro.ximations. The c-xperiment in Table I 
shows, however, that mice succumbed more quickly to injections of 
whole organisms than to equal quantities of nuclcoprotcin of the same 
strain. 


TABLE I 

Rclalivc Toxicity Jot Mice of Gonococci (ritlacl Organisms) and of Nuclcoprotcin 
Prepared from the Same Strain 


jraterial and do« 


XO; of 

Ko. of mice surviving at the end of 

Total dead 


injected 

12 fcrs. 

IS hm. 

36 hrs- 

to hrs. 

Organisms 

ms. 

1.25 

3 

3 

2 


2 

1 

1 

Nucleoprotein 

1.25 

3 

t 3 

3 


3 

0 

Organisms 

2.5 

5 

3 

3 

1 

0 

5 

Nucleoprotein 

2.5 

5 

5 

5 

4 

4 

1 

Organisms 

5.0 

5 

3 

0 

0 

0 

5 

Nucleoprotein 

5.0 

5 

5 

4 

0 

0 

5 

Organisms 

10.0 

10 


1 

0 

0 

10 

Nucleoprotein 

10.0 

10 


3 

2 

2 

8 


Table 11 gives the results of a simdar experiment designed to com- 
pare the toxicity of meningococcus with that of nucleoprotein prepared 
from the same strain. It indicates that intact meningococci were 
somewhat more toxic than their nucleoprotein, the difference here be- 
ing more apparent than in the case of gonococcus. That the heating 
of the bacterial suspension did not' appreciably reduce its toxicity can 
be confidently assumed, for this property has been foimd to be remark- 
ably resistant to heat. A number of experiments (13) have, in fact, 
shown that prolonged exposure to much higher temperatures is neces- 
sary to diminish perceptibly the lethal action of meningococci for mice. 
In this connection should be noted the work of Branham and Lillie (14) 
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on experimental meningitis in guinea pigs, Tliey found that intra- 
cisternal inoculations of boiled and living meningococci produced essen- 
tially identical clinical and liistopathological pictures. 

EJfcct of DeJaUmg . — Extraction with acetone and ether in the cold 
did not appreciably alter the toxicity for mice, nor the antigenic prop- 
erties, as measured b}’’ precipitin reactions, of gonococci and menin- 
gococci (whole organisms) and their nucleoproteins. 

Allergic Reactions loitli Nucleoproteins . — Rabbits rendered hypersen- 
sitive to gonococci and meningococci by the subcutaneous implanta- 


TABLE n 

Relative Toxicity for Mice of Mcniugococci and of Nuclcoprotcin Prepared from 

the Same Strain 


Matcrinl and dose 


No. of 
mice 

No. of mice survi\dnK at the end of 

Total dead 



injected 

12 llK. 

IS hr-s. 

36 hrs. 

60 hrs. 

Organisms 

ms. 

0.62 

5 

4 

4 

4 


1 

Organisms 

1.25 

5 

3 i 

3 

2 


3 

Nuclcoprotcin 

1.25 

5 

5 

5 

5 


0 

Organisms 

2.5 

5 

3 

3 

2 

1 

1 ^ 

Nuclcoprotcin 

2.5 

5 

3 

3 

2 

1 

2 

3 

Organisms 

5.0 

5 

4 

i 2 

0 

0 

5 

Nuclcoprotcin 

5.0 

5 

•1 

3 

3 

2 

3 

Organisms 

10.0 

10 

1 

0 

0 

0 

10 

Nucleoprotein 

10.0 

10 

7 

4 

3 

2 

8 


tion of masses of infected agar (see Miller and Castles (15)) were found 
to be equally allergic to their nucleoproteins. The reactions were al- 
ways of the delayed t 3 ’pe. When gonococcal nucleoprotein was used 
as the sensitizing ingredient in the subcutaneous agar foci, the rabbits 
developed an even higher degree of allergy than to viable gonococci. 
The nature of the inflammatory reaction about these foci was not 
studied. No difference was detected in the specificity of the hyper- 
sensitiveness evolved by nucleoprotein and by the organisms them- 
selves. 
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IvwiutwJogkal Rcaclions 

Prcporalion of Immune Sera. — Antisera were prepared from the nuclcoprotcins 
of gonococcus, meningococcus, and M. catarrhalis. Snufile-frcc rabbits weighing 
from 4-6 pounds were used. They received by intravenous injections at 4 to 5 day 
intervals, a 1 per cent solution of the protein in saline adjusted to pll 7.6-7.8. 
The doses were increased progressively (1, 2, 4, 6, S, and 10 cc.), and the animals 
were bled 5 da\-s after the last injection. It should be noted that this slight 
alkalinizalion seemed to diminish somewhat the toxicity of the protein. 

Antibacterial sera were also prepared, in the ease of gonococcus, meningococcus, 
M. catarrhalis, and an R pneumococcus, by intravenous immunization of rabbits 
with intact organisms suspended in saline. These immunizations were effected 
more slowl}’ as the greater toxicity of the inocula demanded greater caution. 

Precipitin Reactions. — ^The precipitin tests were made by the contact method in 
which serum diluted 1 :3 wth 0.9 per cent sodium chloride solution was placed 
under progressive 10-fold dilutions of the protein in normal saline, usually begin- 
ning at 1 : 1000. The titers of the antisera were designated as the highest dilution 
of antigen which showed definite clouding at or near the intersurface of the two 
liquids when examined in bright illumination against a black background. This 
method eliminates the variability of precipitation commonly known as inhibition 
zones. The tests were made in small \nals (26 x 5 mm.) which had been thoroughly 
cleansed with hot chromic acid cleaning solution and many applications of distilled 
water. 

RestiUs . — ^The results of a series of precipitin tests on nucleoprotein 
preparations from five strains of gonococcus nith five representative 
immune sera are given in Table HI. Two of the sera were obtained 
by immunization with whole organisms (individual strains) and two 
with the nucleoproteins of those same strains, while the fifth was pre- 
pared by immunization with a mixture of several strains, including the 
foregoing. It will be noted that the titers vary from 1:10,000 to 
1:1,000,000, but that the sera did not react to their homologous 
proteins in imusually high dilutions. Nor did the pol)rvalent serum 
show' differences from the rest. The titers of the antiprotein sera 
averaged about the same as the antibacterial. 

Table IV presents the results of precipitin reactions in which the 
nucleoproteins of 6 organisms served as antigens, and the foUowing 
as precipitating sera; antigonococcus, antimeningococcus, and anti- 
catarrhalis sera obtained by the immunization of rabbits, and the 
three antipneumococcus sera commonly used for typing pneumococci. 
Gonococcal nucleoprotein was precipitated by antimeningococcus 
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serum and by antipneumococcus sera of all three types, but not by 
tmti-catarrhalis scrum. The latter, nevertheless, gave a positive 
reaction with meningococcal nuclcoprotcin, which was precipitated by 
only Type III of the antipneumococcus sera. Positive reactions were 


TABLE III 

Precipitin Reactions with Gonococcal Nndco proteins Prepared from Different 

Strains 


Sera prepared by immunizinR rabbits to 


protein 

strain 

Str-ain 1 

Strain Mul), 

Organisms of 
several strains 

Nucleoprotein 

Organisms 

Kuclcoprotcin 

Organisms 

1 

+ + + 

+ 

+ + + 

+ + 

+++ 

+++ 

+ + + 

++-h 

++ + 

+++ 

3 

+ + + 

+ 

+ + + 

+ 

+-}-+ 


+ H — h 

++ 

H — 1 — h 

+ 

5 

+ + + 

+ + 

+ + + 

+ + 

+-I-+ 

+ + 

+ + + 

++ 

+++ 

++ 


+ + + 

+ 

+ + + 

+ -f- 

++-{- 

++ 

+ ■] — h 

++ 

+++ 

++ 

10 

+ + + 

+ + 

-1 — 

+ + + 

+++ 

++ 

'+++ 

+++ 

i-j — 1 — ^ 

++ 


In this and the following tables, the plus marks indicate dilutions of precipi- 
tinogen as multiples of 10; thus: -f -h-t- = 1:1000; -f -1- = 1:10,000, etc. 
— = negative in dilution of 1 : 1000. 


TABLE TV 

Precipitin Tests with NucJcoprolcins Showing Non-Specific Cross-Reactions 


Nucleoproteins 
prepared from 

Sera 

Anti- 

gonococcus 

Anti- 1 

meningococcus 

Anti- 

catarrhaUs 

Antipneumococcus 

Ti'pe I 

T^pe 

Type III 

Gonococcus 

-}-++ ++ 

+4-1- 

— 

+ + + 

++ + 

+ + + + 

Meningococcus 

+++ +-1- 

+++ +++ 

+++ + 

— 

— 

+ + + + 

M. catarrlialis 

"1 — H-l- 

4 — 1 — h 

+++ + 

— 

— 

+4 — 1- 

R pneumococcus 

+-t-+ + 

— 

— 

+ + + 

++ + 

+++ + 

Strep, hcinolyticus 

— 

— 

— 

— 

— 

4 — i — f- 

Staph, aureus 

— 

— 

— 

—• 


4 — 1 — f- 


obtained with the nucleoprotein prepared from an R strain of pneu- 
mococcus and antigonococcus, but not with antimeningococcus nor 
anti-catarrhalis sera. 

Effect of Tryptic Digestion of the Nncleoprotein. — Gonococcal and 
meningococcal nucleoproteins were subjected to digestion by trypsin 
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and then tested for certain of the cross-reactions, together with nucleo- 
protein solutions which had been alkalinized (to pH 7.S) and heated 
(to 56°C.) the same as the digests. The results presented in Table V 
show that both nucleoproteins failed after digestion to react mth Anti- 
pneumococcus Serum Type III, but continued to react with sera to 
closely related organisms (the other Ncisscriac). 

Precipitin Reactions u'itli Other Sera. — Both gonococcal and menin- 
gococcal nucleoproteins failed to react when tested with a variety of 


TABLE V 

Precipitin Reactions with Tryptic Digests of Gonococcal and Meningococcal 

Nucleoproteins 



Immune sera 

PrecipUmogen 

Anti- 

gonococcus 

Anti- 

meningococcus 

Anti- 

cctsrrhalts 

1 . 

Antipneu- 
mococcus 
; T>'peIII 

Gonococcal nucleoprotein 

Gonococcal nucleoprotein after trj'ptic 
digestion 

-f— h-f -f 
+++ + 

++•1- 

-h-k-h 

|Not 

(made 


Meningococcal nucleoprotein 1 

Meningococcal nucleoprotein after 
trj'ptic digestion 

-h-l-f 

+++ 

•f -f-h -h- i* 
+++ -h-f 

J-_U-L -L 

1 » k » 



other sera, which included typhoid, paratyphoid A and B, dysentery, 
anthrax, and human serum containing a high titer of agglutinins for 
B, mditensis. 


DISCUSSION 

As has been mentioned, the term “nucleoprotein” is employed in 
accordance -with the usage of bacteriologists rather than of chemists, 
for it designates not a chemical entity but a mixture of substances in- 
cluding the true nucleoproteins. The present report concerns certain 
properties of the nucleoproteins of gonococcus and meningococcus, 
and for purposes of comparison, of M. catarrhalis, R pneumococcus. 
Streptococcus hetnolylicus, and Staphylococcus aureus. 

Both gonococcal and meningococcal nucleoproteins engendered pre- 
cipitins in rabbits which were indistinguishable by cross-reactions with 
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Other proteins from the prccipitins engendered by the intact organisms 
of tliese two species. In other words, tlic antigenic factors responsible 
for these cross-reactions were neither destroyed nor created by the 
chemical treatment involved in their preparation, which, for most of 
our material, included dilute alkali. In the case of gonococcus, the 
harmlessness of our standard method was also checked by making 
several small lots wliicli were extracted by simple physical means 
witliout the use of alkali. These preparations, vith the exception 
of those subjected to the action of soaps of fatty acids, showed no 
differences from the others wliich could be detected by tlie immuno- 
logical teclmique employed. 

The cross-reactions between gonococcal nucleoprotein and anti- 
pneumococcus serum of all three types, as well as those between men- 
ingococcal and caiarrhalis nucleoproteins and Type III serum, are, 
therefore, regarded as heterogenetic reactions. It is interesting that 
the antigenic factor responsible for this reaction was destroyed by 
tr}qDtic digestion, although those responsible for the reactions with 
their homologous sera and for cross-reactions vdth those to closely 
related species (the other Gram-negative diplococci) were not dis- 
turbed by such treatment. 

In the phenomenon of bacterial allergy nucleoproteins were found to 
play the same role as viable organisms; for the nucleoproteins of 
gonococci and meningococci evoked, in h}'persensitive rabbits, quite 
as strongly positive cutaneous reactions as did the organisms them- 
selves. And in its ability to induce the allergic state, gonococcal 
nucleoprotein (the only one so studied) seemed to be even more effec- 
tive than living organisms. This observation may be explained by its 
solubility in the body fluids, hence its easier availability to the tissues 
of the animal. The specificity of the hypersensitiveness so induced 
and of the cutaneous reactions to nucleoprotein was no sharper than 
to intact organisms. 

The toxicity of both gonococcal and meningococcal nucleoproteins, 
as determined by their lethal action in mice, was found to be only 
slightly less than that of the intact organisms of those two species. 
This indicates that most, if not all, of the toxic property of these 
organisms is due to some constituent of the fraction designated 
“nucleoprotein,’' wliich is regarded as existing naturally within the 
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body of the bacterial cell. Wc liavc been unable, in fact, to demon- 
strate any “toxin” in cultures of these organisms cither in liquid or on 
solid media until they had reached an age when some members of the 
population had begun to disintegrate, or unless the hydrogen ion con- 
centration in the surrounding liquid was such as to favor the extrac- 
tion of nucleoprotein from the cells. 

Investigation of the to.xicity as well as the immunological behavior 
of the products of further fractionation of these proteins is now in 
progress. 


SUMMARY AND CONCLUSIONS 

Methods of preparation and certain properties of the “nucleopro- 
teins” of the following organisms are described; gonococcus, meningo- 
coccus, Micrococcus calarrhalis, R pneumococcus, Slrepiococcus hem- 
olylicus, Staphylococcus aureus. No essential differences between the 
nucleoproteins and the intact cells of gonococcus and meningococcus 
were observed in their ability to engender immune substances (pre- 
dpitins), to induce bacterial allergy in rabbits, or to elicit cutaneous 
reactions (of the delayed tj-pe) in rabbits rendered hypersensitive to 
these organisms. Measured by their lethal action in mice, the toxicity 
of gonococcal and meningococcal nucleoproteins was found to be but 
slightly less than that of the intact cells. It seems probable, there- 
fore, that the toxic action of these organisms is due, chiefly or entirely, 
to some constituent of the nucleoprotein fraction. Extraction with 
acetone and ether in the cold did not reduce appreciably the to.xicity 
of these organisms and their nucleoproteins, nor alter their immuno- 
lo^cal behavior. 

Cross-precipitin reactions suggested that gonococcal nucleoprotein 
contains an antigenic factor in common with the non-encapsulated 
pneumococcus ceU, and meningococcal nudeoprotein one in common 
with the capsular material of Pneumococcus Type m. Tryptic 
digestion destroys these antigenic factors, but not those responsible for 
the cross-reactions within the genus Neisseria. 
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THE CARBOHYDRATES OF GONOCOCCUS AND 
MENINGOCOCCUS 


I. The Alcohol-Precepitable Fraction* 

Bv C. PHILLIP JHLLER, M.D., akd ALDEN K. BOOR, Pii.D. 

{From the Dcparlmcnl of Medicine, The University of Chicago, Chicago) 

(Received for publication, September 5, 1933) 

As early as 1874 Scheibler (1) studied a polysaccharide isolated 
from the gum of Sirepiococcits {Lciiconosioc) mcscntcrioides, an organ- 
ism of some econonaic importance to the manufacturers of sugar; but 
little attention was given to the carbohydrates of pathogenic bacteria 
until Toenniessen’s (2) work on Friedlander’s bacillus. Within the 
past decade and a half, however, advance in this field has been acceler- 
ated by the use of immimological methods as an adjunct to the usual 
techniques of organic chemistry. Zinsser and his coworkers (3, 4) 
prepared from several organisms residue antigens which were almost 
protein-free, reacted by precipitation with homologous immune sera, 
but failed to elicit antibody production in animals. Avery and 
Heidelberger (5, 6) carried out a most exhaustive and fruitful in- 
vestigation of the carbohydrates of pneumococcus. They obtained 
from Types Dl and III products which were nitrogen-free and chemi- 
cally distinct from each other and from that of Type I w'hich contained 
some nitrogen, presumably as an integral part of its molecule. They 
were non-antigenic in rabbits, but reacted specifically in extremely 
high dilutions with homologous antisera. From a rough strain of 
pneumococcus Tillett and Francis (7, 8) obtained a non-type-specific 
carbohydrate, designated the C fraction. Recently Wadsworth and 
Brown (9) have reported the isolation of type-specific substances of a 
carbohydrate nature from each of the fixed types of pneumococci 
which they regard as different from the polysaccharides of Avery and 
Heidelberger and also from the C fraction of TUlett and Francis. 

* This research has been aided by a grant from the Albert B. Kuppenheimer 
Foundation. 
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The preparation of carboh 3 ^drate fractions from a number of other 
organisms has been accomplished, but only the work of Casper (10) 
on gonococcus, and that of Zozaya and Wood (11) and of Webster and 
Rake (12) on meningococcus relates to the present study. 

This study has been carried along parallel witli the work on the 
nucleoproteins reported in the preceding paper (13). It began, there- 
fore, witli the preparation and investigation of carbohydrate fractions 
from gonococcus and meningococcus, the two organisms of special 
interest to us. Subsequent!)' Micrococcus catarrhalis, R pneumococ- 
cus, Streptococcus honolyticus, and Staphylococcus aureus were added 
for purposes of comparison. 


Methods 

The organisms were grown and extracted by the methods described in the pre- 
ceding paper (13). The supernatant liquid from the acetic acid precipitation of 
the proteins was filtered, neutralized with sodium hydroxide, and evaporated to 
small bulk (each liter to 25 cc.) at 56°C., in an air current. This concentrated 
solution was then made slightly acid and placed in boiling water for 7 minutes to 
remove the remaining proteins by heat coagulation. The solution was then filtered 
and added to 7 to 8 volumes of 95 percent eth}'! alcohol. The resulting precipitate 
was allowed to remain in the alcohol for several hours to facilitate its denaturing 
action on any traces of protein still present. The supernatant alcoholic solution 
w'as decanted, filtered, and evaporated to dryness. The residue from this evapo- 
rated alcoholic solution was found to be protein-free by all the protein tests to 
which it was subjected. Aside from the sodium acetate (from tlie acetic acid and 
sodium hydroxide used) it consisted principally of carboh 3 'drate, a fraction which 
will be the subject of a later report. The alcoholic precipitate contained the 
fraction which primarily concerns us here. It also proved to be chiefl>' polysac- 
charide, but may have included traces of amino acids and anj' alcohol-insoluble, 
non-heat-, coagulable, non-acid-precipitable proteins. It was centrifuged and 
drained free from excess liquid. While stiU damp it was dissolved in water, then 
twice reprecipitated from 80 per cent alcohol of first slightly alkaline and then 
slightlj' acid reaction. Finallj' the aqueous solution was dialj'zed in a cellophane 
bag against distilled water. 

Not all of the preparations were carried through the final step of repeated pre- 
cipitation and dialysis, because considerable loss in carbohj'drate resulted. It 
should be noted, however, that in immunological behavior such preparations did 
not differ from those which had been more highly purified. 

Physical and Chemical Properties 

In the dry state the carbohydrates prepared from all of the organisms 
were light yellow in color. They were entirely soluble in distilled water 
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and in 0.9 per cent sodium chloride solution. Wlicn ethyl alcohol was 
added to an aqueous solution precipitation began at an alcoholic con- 
centration of about 40 per cent and increased wth each addition of 
alcohol until the concentration reached 80 per cent. They seemed to 
be resistant to the action of weak acids and alkalies. They were only 
partially dialj^able; that is to say, a detectable loss occurred after 10 
da>^ dialj'sis in a bag of cellophane (No. 600) against distilled water. 
Possibly products of a slow hydrolysis of the polysaccharide were 
lost (escaped through the membrane). 

The tests for protein, c.g. biuret and xanthoproteic, were negative, 
although carbohj’-drate reactions, as the Molisch test, were strongly 
positive. The solutions retained in the cellophane bag after dialysis 
gave negative Benedict-Fehling reduction tests. However, this test 
was positive when performed on hydrolysates obtained by boiling the 
carbohydrates with 2 per cent hydrochloric acid. 

The preparations most extensively studied were those of gonococ- 
cus and meningococcus. Negative ninhydrin reactions indicated the 
absence of an amino acid impurity in appreciable quantity. The 
Millon and Hopkins-Cole tests were also negative. Negative orcinol, 
phlorogludnol, and resorcinol reactions indicated the absence of 
pentose and ketose radicals. The nitrogen content of the gonococcal 
polysaccharide was found by Kjeldahl micro determination to be 4.2 
per cent. An aqueous solution of this polysaccharide was optically 
inactive. The nitrogen content of the meningococcal polysaccharide 
was 3.7 per cent. 

Toxicity for Laboratory Animals. — ^Both the gonococcal and menin- 
gococcal carbohydrates w'ere non-toxic for rabbits and mice. The 
former received the material intravenously, the latter intraperitoneally, 
without evidence of deleterious effect. 

Antigenicity of the Carbohydrate Preparations.— The. sera of rabbits 
which had been repeatedly injected intravenously with carbohj^drate 
fractions prepared from gonococci and from meningococci contained no 
antibodies demonstrable by the precipitin reaction. An additional 
attempt was made, patterned after the method employed so success- 
fully by Landsteiner with his alcohol-soluble haptenes, in which the 
rabbits were injected intravenously with gonococcal carbohydrate 
n^ed with pig serum. These animals developed high titers of anti- 
pig serum precipitins but none at all for the carbohydrate. 
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Cutaneous Reactions u'itb Gonococcal Carbohydrate. — In rabbits 
rendered hypersensitive by the implantation of agar foci containing 
eitlier gonococci or meningococci (14), allergic reactions of the delayed 
type were elicited by the intracutaneous injection of 0.1 cc. of a 1:1000 
solution of gonococcal carbohydrate. No reaction followed intracu- 
taneous injection into normal (snufilc-free) rabbits. 

hnnivnological Reactions. — ^Precipitin reactions were made in the same 
fashion and with the same sera as tliose described in the preceding 
paper. A summaiy of representative tests is given in Table I. Cross- 
reactions occurred between the carbohydrates of the gonococcus and 
meningococcus and their respective antisera, a result wliich was to be 


TABLE I 

Precipitin Reactions with Carbohydrate Preparations 


Carbohyclrnlcs prepared i 
from 

! 

RtibljU sera prcp.arcd by immunization with 

Commercial sera 



M. 

(atarrhalis 

Antfmcningo- 

coccus 

Antipneumo- 
coccus Type III 

Gonococcus 

+ + + -k-f 

+++ 


-b-b-b -b-b-b 

-b-b-b -b-b-b 

Meningococcus 

-b-l-l- +-I- 

-b+d- -H* 


-b-b-b -b-b+ 

-b-b-b -b-b 

M. catarrhalis 

+ + + + 

_ 

-b-H — b 

++-b -b 

-b-b-b 

R pneumococcus . . . 

+ + + + 

— 

— 

-b-b-b -b 

-b-b-b -b 

Strep. licmolylkus . . . 

— 

— 

— 

— 

-b-b-b 

Staph, aureus 

— 

— 

— 




The plus marks indicate dilutions of precipitinogen as multiples of 10; thus: 
+ + 4 . = 1:1000; -f- + -}- -1- = l:10,000;etc. - = negative in dilution of 1 .TOOO. 


expected. The carbohydrate of M. catarrhalis was precipitated by 
antigonococcal serum, wliile the anti-catarrhalis serum failed to react 
with the polysaccharides of either of those organisms. An incon- 
sistency is to be noted in the case of M. catarrhalis which reacted with 
commercial antimeningococcal serum but not with that prepared in 
the laboratory by the immunization of rabbits. This may be ex- 
plained by the fact that the titer of the rabbit serum was lower (only 
1 : 100,000 for the carbohydrate of the homologous organism). The im- 
munizations of the rabbits were purposely carried only to the point at 
which they 3delded sera of workable titers in the hope that their 
specificity might be sharper. 
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Sera prepared by the immunization of rabbits mth tlic "nucleo- 
proteins” of gonococcus and meningococcus gave the same reactions 
as the antibacterial sera, though usually in somewhat lower titer. 

Antipneumococcus Serum Tj^^e III reacted with the carbohydrates 
of gonococcus and meningococcus in dilutions of 1:1,000,000 and 
1:100,000 respectively, and xsith the carbohydrates of M. caiarrhalis 
and hemolytic streptococcus in dilutions of 1:1000. Carbohydrates 
isolated from an R pneumococcus (one prepared by the method herein 
described and one by the method of Tillett and Francis (7)) reacted in 
dilutions of 1:10,000 not onty with antipneumococcus serum of all 
three tj^^es but wdth antimeningococcus and antigonococcus serum 
as well. 

Strain Specificity . — Carbohydrate fractions prepared from 6 strains 
of gonococcus employed in precipitin reactions with immune sera to 
5 strains of that organism show’ed no evidence of strain specificity. 

Reactions -ivith Other Sera . — Gonococcal and meningococcal poly- 
saccharides gave negative precipitin reactions with commercial sera to 
the following organisms: t 5 T)hoid, paratj'phoid A and B, dysentery 
and anthrax bacilli, and several varieties of streptococci. Negative 
results were also obtained with diphtheria and scarlet fever antitoxins. 

DISCUSSION 

Since the classical investigations of Landsteiner, e\’idence has ac- 
cumulated to support his original conception of the nature of anti- 
genic specificity. It is now generally accepted that the specificity of 
pure proteins may reside in individual radicals, while that of highly 
complex antigens may depend upon components of relatively simple 
chemical composition. These components in the case of a number 
of bacterial antigens have been foimd to be polysaccharides, and the 
carbohydrates herein described are also so regarded. No evidence was 
obtained to preclude the assumption that they exist in vivo as part of a 
glycoprotein. As noted in the preceding paper, the “nucleoproteins” 
described gave strongly positive Molisch reactions. Furthermore 
sera prepared by immunization with gonococcal and meningococcal 
“nucleoproteins” reacted with the protein-free carbohydrates of those 
organisms. 

Webster and Rake (12) in a preliminary communication report the 
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isolation from meningococcus of a t}Tic-spccific as well as a non-specific 
potysaccharide. Until the publication of their methods we cannot 
compare our work with theirs, but the conjecture seems obvious that 
the carboh3^drates herein described correspond to their non-specific 
pol3'^saccharide.' It should be noted that our preparations were made 
from thrice washed organisms, and it is quite possible tliat a more 
specific constituent was lost in this process. 

As it has been impossible to demonstrate capsules on gonococci or 
meningococci, the carboh3'dratcs described have been regarded as 
somatic in origin, and therefore analogous to the C fraction isolated b3^ 
Tillett and Francis (7) from rough pneumococcus. 

The cross-reactions between the carboh3’’drates of gonococcus and 
meningococcus and antisera to those two organisms were to be expected 
from their biological similarit3L So were the reactions of caiarrhalis 
carboh3'drate, which were positive vdth antigonococcus and negative 
witli antimeningococcus scrum, and likewise the failure of anti-ca/ar- 
rhaJis serum to react with the carboh3’-dratcs of the other two Neis- 
scriac. For these findings are in harmon3'’ with the relationship 
suggested b3^ the work of Miller and Castles (14) on the allergic cuta- 
neous reaction to these organisms. 

The precipitin reactions of Antipneumococcus Serum T3q)e III with 
the carboltydrates of gonococcus and meningococcus, however, were 
quite unexpected. The3^ are doubtless analogous to the several other 
hetero-antigenic relationships among bacteria which have been 
reported; e.g., between Strain E of Friedlander’s bacillus and T3^pe II 
pneumococcus reported b3^ Avery, Heidelberger, and Goebel (15), and 
meningococcus, B. anthracis, B. suUiUs, B. profeus, and B. mcscnlcricns 
by Zozaya (16). The latter subsequently (17) qualified his statements 
about these cross-reactions, in the light of Iris observation that bacteria 
grown on solid media may adsorb enough agar to engender antibodies 
to it. We, ourselves, had considered tliis possibility (suggested by 
Furth and Landsteiner (18)), as well as the possibility tliat traces of 
undigested egg wliite which had failed to precipitate in tire preparation 
of our media might adhere to the bodies of the organisms and cause 


^ Since the presentation of this manuscript for publication, the study referred 
to has been reported under the authorship of Rake and Scherp (20). 
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tlic hetero-reactions which wc encountered. Control tests were ac- 
cordingly run with the agar medium as precipitinogen; but they 
were all negative and Uiercfore received no mention in our preliminary 
communication (19). As an additional check on the egg white digest 
medium as a source of non-specific reactions, rabbits were immunized 
to egg white, but tlieir sera failed to react with our carbohydrate and 
nucleoprotein preparations, although they contained anti-egg white 
predpitins in ver>' high titers. Since the publication of Zozaya’s 
paper (17) these control tests have been repeated. With the following 
exceptions the results duplicated those obtained 2 years ago. These 
exceptions warrant description. Agar, in dilution of 1:1000, when 
superimposed on certain of the commercial antimeningococcus and 
antipneumococcus sera,- showed at the end of an hour the formation 
of a translucent flocculus above the interface of the two liquids. It 
was much greater in bulk than the hea\dest of precipitin rings, but 
was unlike one in consistency’’, and showed no tendency to settle, even 
to the upper surface of the serum. The highest dilution of agar which 
produced this reaction was 1:10,000 with antimeningococcus, and 
1:1000 with certain antipneumococcus sera, irrespective of t>’pe. 
Whether or not this phenomenon should be regarded as a precipitin 
reaction is being left for the present an open question. 

More pertinent to the problem at hand are the negative control tests 
■with our rabbit immune sera (on egg white, media, and agar), and the 
fact that carbohydrates prepared from gonococci and meningococci 
gro-wn in liquid media gave the same non-specific cross-reactions as 
those prepared from organisms grown on agar medium. It seems 
highly improbable, therefore, that the cross-reactions herein described 
are due to agar adsorbed by the bacteria during their cultivation. 

As has been noted, the carbohydrates described above are precipitable 
by alcohol from bacterial extracts after the removal of their “nucleo- 
proteins.” In the case of gonococcus and meningococcus two other 
fractions are at present rmder investigation: an alcohol-soluble carbo- 
hydrate and a bacterial residue of difficult solubility which seems also 
to be composed of, or to be rich in carbohydrate. 

These sera ■n'cre from diSerent lots, as those used 2 years ago were no longer 
available. 
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SUSmARY 

The alcohol-insoluble polysaccharides of gonococcus and meningo- 
coccus were found to contain 4.2 and 3.7 per cent nitrogen respectively, 
to be protein-free b}-- chemical test, to reduce Fehling-Benedict solu- 
tion only after liydrol3’^sis. They were non-toxic for rabbits and mice, 
and failed to engender antibodies (prccipitins) in rabbits. They pro- 
duced no cutaneous reactions in normal, snuflle-free rabbits, but 
caused t3'^pical allergic reactions of the dcla3’’cd t3'pc in rabbits rendered 
h3'pcrsensitivc to these organisms. Both carboh3’^drates reacted in 
high dilution with Antipneumococcus Scrum 13^10 III. For com- 
parison, carboh3''dratcs were prepared also from Micrococcus catarrhalis, 
Slrcplococcus hcmolylicus, Slapltylococctis aureus, and a rough strain of 
pneumococcus. 
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Although much work has been done in the search for a toxin of 
Sircplococcus hctuolylicus ha^^ng lethal properties, no such toxin has, 
to date, been discovered. It is true that sterile filtrates of strepto- 
coccus cultures contain certain toxins, hemotoxins (1), leucocidins (2), 
Dick toxins (3), but none of these filtrates has been shown to be toxic 
for animak except in relatively enormous doses (4). Yet from the 
symptoms and pathology of streptococcus infections in man and in 
animals, there is every reason to believe that, in vivo, virulent strains 
of the streptococcus do produce a toxin or toxins udth marked toxic 
properties which cause death. It was in the attempt to produce, in 
vilro, such a toxin or toxins that this work was undertaken. 

In the course of some work on the production of powerful strepto- 
coccal hemotoxin, it Yvas discovered that imder certain definite con- 
ditions, the organisms themselves, if centrifuged down from broth 
cultures and taken up in the same volume of physiological salt solu- 
tion or broth, were very hemolytic in minute amounts. That thk 
hemolytic action had nothing to do with the growth of the organism 
in the red cell suspension was proved by plating the preparations, 
before, during, and after incubation and finding that there was no 
increase or only a slight increase of streptococci during the incubation. 
From these experiments it seemed probable that the streptococcal 
hemotoxin was bound to the surfaces of the organisms whence it was 
given off directly to the red cells. 

Furthermore, the powerful hemotoxic effect of these streptococcus 
suspensions was obtained only from young cultures of 13 to 16 hoiurs 
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growth. Tlic hemotoxic content of suspensions of older cultures 
diminished directly Avith the age of the culture until practioilly no 
hemotoxin was demonstrable in susiAensions of 2 days growth. Heat- 
ing hemolytic suspensions to 56°C. for 20 minutes completely de- 
stroyed their hemotoxic properties. 

It Avas next discovered that these hemotoxic streptococcus sus- 
pensions Averc extremely toxic for mice, causing death AAuthin 2 hours 
Avhen injected intravenously. This lethal action of the suspensions 
appeared to be bound up in some AA\ay Avith their hemolytic content 
because suspensions of old cultures containing little hemotoxin or 
hemotoxic suspensions heated to 56°C. for 20 minutes AA^ere non-toxic 
for tliesc animals. 

In tins AA'ork AAitli streptococcus suspensions, the important question 
to be ansAA'ered seemed to be AA'hat caused tlie death of these mice? 
Was deatli due to tlie hemotoxin per sc, to some other toxic substance 
present AAith tlie hemotoxin, or to both, or aams death brought about 
b}'’ some plij’^sical property of the preparation not present in sus- 
pensions of old organisms nor in heated suspensions? If deatli Avas 
caused by some toxic substance or substances attached to the surface 
of the organisms, it seemed possible that the toxic substance or sub- 
stances might be removed by extracting streptococci AAuth A'^arious 
materials. This we AA’^ere successful in doing. By treating strepto- 
cocci AAuth serum, we obtained toxic extracts Avhich AA’^ere hemolytic 
and Avhich, in relatively small amounts, killed mice. The folloAAung 
report deals AAutli the metliods used in the preparation of tliese toxic 
extracts and the experiments made to determine their nature. 

Methods 

Preparation of Media . — The medium used in this Avork which gave tlie best 
results was prepared as follows: 2 pounds of dropped veal in 850 cc. of distilled 
water Avere allowed to stand in the ice box for 2 or 3 days. Then in the meat 
juice recovered by squeezing tlirough dieese-doth, 40 gm, of Witte peptone were 
dissolved by heating the mixture to 45°C. for 20 minutes. After this the meat 
extract adjusted to a pH of 4.8 witli N HCI, AA^as poured into a 1 liter flask, tightly 
corked, and Avas boiled in a water batli for 30 minutes. Then to tire dear meat 
extract supernatant recovered by centrifuging Avere added a sterile Berkefdd 
filtrate of 2 gm. of NaHCOs and 1 gm. of NasHPOr -121420 dissolved in 100 cc. 
of distilled water. The Avhole preparation Avas next brought up to a pH of S.l 
with N NaOH, heated in a water bath at 70°C. for IS minutes, cooled, and centri- 
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fuged. Finally the clear supernatant obtained by centrifuging was dispensed 
into centrifuge tubes 6 x 1 inch, 35 to 40 cc. to each tube, chilled, and heavy 
vaseline seals were added. 

It is noted that in the preparation of this medium, the meat extract is heated 
at a high temperature only when adjusted to a low pH and that all filtration c.xccpt 
in the instance of the buffers, is excluded. 

\Mien proper precautions arc taken in the handling of the materials, the medium 
described above is sterile. In twenty-three consecutive batches no contaminations 
were encountered. 

Source oj Cultures . — Only 1 strain of Streptococcus hcmolyticus was used in this 
work. This was an eiysipelas strain obtained from Dr. Ada Clarke of the De- 
partment of Bactcriologj-, College of Phj-sidans and Surgeons. 

Sera Used. — Sheep, horse, and rabbit sera were employed in this work. The 
sera were inactivated at 56°C. for 40 minutes before use. 

Throughout the extraction of streptococci with serum, the pH of a preparation 
is important, since if the pH is as high as 8.4 during the extraction process, only 
weak toxins are obtained. With sheep serum whose pH after mactix'ation is 
usually about 8.5, the pH was brought down to 8.2 with k HCl before use. Al- 
though the pH of both inactivated horse and rabbit sera may be as high as that 
of inactivated sheep serum, their pH’s fall more rapidly than that of the sheep 
serum during extraction and so it was found unnecessarx' to adjust their reactions. 
To obtain the best results, the final pH of a preparation after extraction was 
found to be 8 to 8.1. WTien, after extraction, the pH of an extract was found 
to have fallen below pH 8, which often occurred when rabbit serum was used, it 
was raised to 8.1 with K NaOH. The reason for this last procedure is that al- 
though the toxins when freshly prepared with a final pH of 7.4 to 7.8 are exactly 
as toxic as those with a final pH of 8 to 8.1, they deteriorate more rapidly. Todd 
in his work on streptococcal serum hemolj-sin also noted that the hemoh'sin de- 
teriorated faster at a pH of 7.4 than at pH 8 (8). 

Preparation of Toxic Extracts . — ^Each tube of medium was inoculated through 
the vaseline seal with 0.1 cc. of a 1-50 dilution of streptococcus pleural exudate. 
After 13 hours growth, the tubes were chilled and centrifuged at high speed until 
the supernatants were dear. Then the supernatants were pipetted or poured 
off and the sedimented streptococci from each tube were taken up in 2 cc. of 
inactivated serum. The serum suspensions of streptocoed were pooled, glacg 
beads added, and they were shaken in a slow shaking machine for 1 hour. No 
growth of this strain of hemolytic streptococcus occurs in inactivated undiluted 
serum. After shaking, the material was chilled and centrifuged. Finally the 
dear supernatant was passed through a Chamberland-Pasteur filter Lo for sterili- 
zation purposes. No poisonous properties were lost by such filtration. The re- 
covered filtrate was the toxic extract used in this work. 

The process of extraction of the same streptocoed with untreated serum ma y 
be repeated twice if all 3 e.xtractions are carried out on the samp day. Under 
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these conditions, all ?> extracts arc of approximately equal potency. More than 
3 extractions have not been attempted. 

Hemotoxiu Tests . — Tests for hemotoxin were carried out in the usual way. 
Dilutions of the filtrate to be tested were made citlicr with broth or with ph 3 -sio- 
logical salt solution. 1 unit of hemotoxin represented the smallest amount of 
filtrate which completeh^ hemoh’zed 2 cc. of 1 per cent well washed rabbit red 
cells in 1 hour at 37°C. in a water bath. 

Lcucocidin Tests . — The leucocjde suspensions for the leucocidin tests were 
obtained from rabbits following the intrapleural injections of aleuronat. 18 hours 
after injection, the animals were exsanguinated from the carotid artcrj', under 
etlier anestliesia, and the pleural exudates procured from them were immcdiatc].v 
centrifuged slowlj’ for 3 minutes. Nine-tentlis of tlie slightly clouded supernatant 
was discarded, leaving tlie leucoc^’te concentration approximate!}'' 10 times that 
of the original pleural exudate. Only those exudates showing no reddish color 
and containing very few if an}' red cells were used in the tests. The concentrated 
exudates were then titrated to determine tlie proper amount to use in the leucocidin 
tests. For this purpose, 0.1 cc. of 1-5,000 dilution of methylene blue was added 
in varying amounts to the leucocyte suspension in large precipitin tubes and the 
volume in each tube brought up to 0.5 cc. with saline solution. Vaseline seals 
were added to all the tubes and then they were put in a water bath at 37°C. The 
quantity of the leucocyte suspension used in the leucocidin tests was the amount 
that reduced the methylene blue completely in 20 minutes. The leucocyte sus- 
pension was diluted with broth so tliat 0.1 cc. contained the required amount. 

The leucocidin tests were set up as follows: 0.1 cc. of leucocyte suspension 
was added to var}nng amounts of streptococcal serum extract and the volume of 
all tubes made up to 0.5 cc, witli saline. All tubes were placed in tlie water bath 
at 37°C. for 1^ hours, during which time tlicy were taken out and shaken at 
intervals of 10 minutes. Then 0.1 cc. of 1—5,000 dilution of metliylene blue and 
a vaseline seal were added to each tube; and finally they were reincubated for 
1 hour. 1 unit of leucocidin represented the minimum amount of a filtrate which 
completely prevented reduction of methylene blue by the leucocytes in 1 hour. 

EXPERIMENTAL 

Toxic Properties of Scniin Extracts of Streptococci. T oxicity for 
Mice . — Mice were injected intravenously tlnrougli a tail vein witli the 
' toxic filtrates. Generally 0.1 to 0.2 cc. of a filtrate brought about 
deatli within 24 hours. With larger amounts of a toxic filtrate, 
death occurred within 1 hour. The symptoms were dyspnea, weak- 
ness, and prostration. When the animals survived hours, deep 
red urine was passed. This appeared 50 minutes to IJ hours after 
tlie inoculation. 
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At autopsj’- in those animals which died quickly, that is -within 
1 hour, nothing abnormal was seen macroscopically. In the majority 
of those which survived longer (2 to 8 hours) the bladder was large, 
tense, reddish black, and contained several cubic centimeters of very 
red urine. In the others, the bladder was small but almost always a 
slight amount of bloody urine was present. In animals which sur- 
vived still longer (8 to 48 hours) generally all the organs and tissues 
were pale. Sometimes there was a slight amount of blood still present 
in the urine. The red color of the urines was shovsu to be due to 
the presence of hemoglobin. The pathology of mice dying of the 
serum extract toxin will be taken up in a later publication. IvI’Leod 
and M’Nee also noted hemoglobinuria and anemia in rabbits inocu- 
lated -with large doses of streptococcal hemotoxic filtrates (4). 

Normal inactivated serum (sheep, horse, or rabbit) had no toxic 
effect when injected intravenously into mice in 0.5 cc. amounts, nor 
had sennn extracts of young cultures of other organisms (hemolytic 
Staphylococcus aureus, -virulent Pneumococcus EH, B. typhosus) pro- 
duced by the same method as that used in the preparation of toxic 
extracts of streptococcus, any toxidty for mice. These latter prepa- 
rations also contained no hemotoxin. 

Experiment 1, Table I, gives one of our protocols on the effect of a 
toxic extract on mice. 

This tone extract was made with inactivated sheep serum. The pH of the 
filtrate was 8.1. It contained 200 hemotoxic units per cc. 

The control serum was some of the same inacti-vated sheep serum as that used 
for the production of the toxic extract. Before use its pH was brought to 8.1 
with N HCl and it was filtered through a Chamberland-Pasteur filter. Both the 
toxic extract filtrate and the control serum filtrate were sterile. 

Eeynotomc Activity of Toxic Extracts . — ^All the serum extract filtrates 
were titrated for hemotoxin. Freshly prepared extracts which were 
toxic for mice in small amounts were always markedly hemolytic. 
These preparations contained between 150 and 330 hemotoxic units 
per cc. The question of the relationship between the lethal and the 
hemotoxic content of a filtrate will be taken up in a later part of this 
paper. 

Leucocidic Activity of Toxic £x/rac/s.~Relatively few of the toxic 
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extracts were titrated for leucocidin. liowever the results obtained 
in these were clear-cut. Usually a toxic filtrate contained 10 leuco- 
cidic units. An interesting phenomenon occurring in these tests was 
the clumping of the leucocytes in sticky masses in some of tlie tubes 
containing tlie toxic extracts. This necessitated frequent shaking of 


TABLE I 

Inoculation of Mice with a Scrum Extract of Hemolytic Streptococci 


d 1 

V 

3 

o 

b-( 

Weight 

hlnlcrial inocul.itcd 
intravenously 

Symptoms 

nietl or 
survived 

Autopsy 

1 

1 

Sm. 

16.5 

Control scrum 

0 

S 

Killed ivitli ether 3 days after in- 

2 

15.0 

0.5 cc. 

Control scrum 

0 

S 

ocul.ation. Autopsy negative 
Killed wntli ether 3 days after in- 

3 

14.5 

0.4 cc. 

Toxic filtrate 

+4 — 1 — h 

D 8 min. 

oculation. Autopsy negative 
Negative 

4 

17.2 

0.4 cc. 

Toxic filtrate 

-fH — 1 — h 

D 8 min. 

Negative 

5 

17.2 

0,4 cc. 

Toxic filtrate 

++++ 

D 40 min. 

Subcutaneous tissues and periton- 

6 

14.0 

0.3 cc. 

Toxic filtrate 

++++ 

D U l>rS' 

eum deep pink. Intestines con- 
gested. Urine negative 

In ice box overnight. Intestines 

7 

i 

17.0 

0.3 cc. 

Toxic filtrate 

++++ 

D 5 min. 

congested. Urine negative 
Negative 

8 

15.0 

0.2 cc. 

Toxic filtrate 

+++ 

D 18 hrs. 

Post mortem. Slight amount of 

9 

17.7 

0.2 cc. 

Toxic filtrate 

++ 

D 26 hrs. 

red urine in bladder. Liver pale 
Liver pale. Urine negative 

10 

15.0 

0.1 cc. 

Toxic filtrate 

++ 

S 

For 2 days very sick — then better. 


1 

0.1 cc. 



Killed with ether 3 days after 
inoculation. Liver pale brown. 
Few yellowish areas on surface. 
Kidneys dark brown 


the tubes during the first incubation in order to bring the leucocytes 
in contact with the toxin. In the tubes containing strong undiluted 
toxin, the leucocytes were dissolved and the tubes cleared. 

Control tubes containing undiluted or diluted filtered inactivated 
serum brought to pH 8.1 had no effect or only a very slight effect in 
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delajnng the reduction of the methjdene blue by the leucocjles. 
Sometimes there was a slight sedimentation of the leucocyte sus- 
pensions, which, however, could be resuspended easily by shaking. 
The question of the relationship of the Icucocidin to the other toxic 
properties of the toxic extracts is not taken up in this paper. 

TABLE n 

Titrations of a Scrum Extract Filtrate for Lcucocidin 
Toxin A . — Horse scrum extract filtrate, pH 8.1. 

Toxin B . — ^Toxin A, to each cubic centimeter of which was added 0.05 cc. of 
hemolyzed red cells (0.1 cc. packed red cells, 2 cc. distilled water, centrifuged, 
used clear supernatant). Toxin B was prepared because of Evans’ (2) work 
showing that washed red cells increase the production of Icucocidin in broth 
culture filtrates of hcmob’tic streptococci. 
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Amount of redaction in 


z 

S 

JB 

*5? 

Amount 

O 

5 c, 
S S 
a 2 
o * 


S 

£ 

o 

e 

£ 

o 

c 

*£ 

o 

li 


1 

A 


u. 

0.1 


0 

0 

0 

0 

0 

2 

A 

0.3 

0.1 

0.1 


0 

0 

0 

0 

0 

3 

A 

0.2 

0.2 

0.1 

IJ his. at 37®C. in 

0 

0 

0 

0 

0 

4 

A 

0.1 

0.3 

0.1 

water bath — then 

0 

0 



+ 

5 

B 


_ 

0.1 

added 0.1 cc. of 
1-5,000 dilution of 

0 

0 

0 

0 

0 

6 

B 

0.3 

0.1 

0.1 

methylene blue and 

0 

0 

0 

0 

0 

7 

B 

0.2 


0.1 

vaseline seals to each 

0 

0 

0 

0 

0 

8 

B 

0.1 


0.1 

tube and reincu- 

0 

0 


+ 

-f 

9 

Hemoglobin 

0.4 



0.1 

bated 

0 

++ 

+++ 

++-}- 

++-}- 

10 

in broth 

- 

— 

0.4 

0.1 


++ 

+-| — h 

+++ 

+-f+ 

H — ! — b 


± to + + + indicates amount of reduction of methylene blue. 
+ + + indicates complete reduction. 


Experiment 2, Tables H and . 1 1 1 , gives a Icucocidin and a hemotoxin 
titration of a toxic extract filtrate. 

After 10 minutes incubation (1st incubation) the contents of Tubes 1 and S 
had sfighUy cleared and suspensions in Tubes 2, 3, 6, and 7 had clumped. After 
1 hour Tubes 1 and 5 were almost dear and the leucocj-tes in Tubes 2, 3, 4, and 
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6, 7, and S were dumped into stickj^ masses that were liard to break up b}' shaking. 
Tubes 9 and 10 showed only a slight sedimentation of the leucocyte suspension. 

Smears were made from all the tubes after U hours incubation (1st incubation) 
and stained with Jenner stain. In all the tubes e.\ccpling tbc controls (Tubes 
9 and 10) the leucocytes had disintegrated or stained badly. The leucocytes ap- 
peared normal in Tubes 9 and 10. 

In this experiment tliere seems to iiave been no difference in the 
amount of leucocidin in Toxins A and B; in other words, tlic presence 
of hemoglobin did not cause an increase of leucocidin. In another 
experiment, using a different (extract, the addition of hemoglobin was 
also without effect. 


TABLE III 

Tilraliou of Scrum Extract Filtrates A and B for llcmotoxin 


Toxin 

30 min. 

I hr. 

0.01 

0.008 

0.006 

0.004 

0.002 

0.01 

0.008 

0.006 

0.004 

0.002 

A 

n 

R&XS3 

my 




++ 

-i-+++ 

-t"f++ 

++++ 

■+— 1-+4- 
•f-1— i-+ 

•l”i-++ 

■h+4' 


-f-f indicates hcmolj’sis of approximately 1/2 to 3/4 of cells. 

-f- -1- -1- indicates hemolysis of approximately 3/4 of cells to complete hemolysis. 
+ + + + indicates complete hemolj'sis. 


Biological Properties of the Streptococcus Toxic Filtrates 

Stability and Prcscroation. — Heating a toxic axtract to 56°C. for 30 minutes 
destroys virtually all the lethal and hemotoxic actions of a filtrate; and heating 
to a 56°C. for 2 hours almost completcl)' destroys its leucocidic activity. The 
toxic properties of an extract of pH 8.1 usually remain stationary at ice box tem- 
perature for 24 hours, but if an extract is kept longer than this, it deteriorates 
rapidly, irrespective of whether or not it is covered with vaseline. Attempts were 
made to preserve the toxic activities of extracts by keeping them in jars of hy- 
drogen or by reduction with 0.1 per cent Na 2 S 204 or by both these methods.^ Our 
results indicate that the Na 2 S 204 did delay slightly the deterioration of the lethal 
and hemotoxic activities of a preparation but that the hydrogen had no effect in 
postponing the deterioration. 

Iwinunology of Toxic Filtrates. — ^The question of the antigenicity of 
the toxic extracts was next considered. Numerous attempts to pro- 
duce streptococcal antihemolysin have resulted in negative experi- 

1 We are indebted to Miss Ruth Pauli for setting up the hydrogen jars for us. 
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ments until tlie recent discover>' of Todd (5) showing that the presence 
of scrum in culture media for tlie preparation of streptolysin modifies 
the lysin, making it non-antigenic, whereas streptolysin prepared by 
growing streptococci in media without scrum is an active antigen. 
From this work it was natural to c.\-pect that streptococcal scrum 
extract filtrates also would not stimulate the production of anti- 
hemotoxin. 

Our e.xperiments along this line of work arc only prcliminarj- and therefore 
incomplete. We attempted to immunize 3 series of mice with serum extract 
toxins, using a toxin prepared with a different kind of scrum for the test inocu- 
lation. These experiments were entirely negative; the immunized mice 
showed no more resistance to the toxin than the controls. We also tested several 
diSerent antistreptococcal sera for the presence of neutralizing antibodies for the 
lethal toxin and the hemotoxin of streptococcal scrum extract. Again our results 
were negative. 

These e.xperiments, so far as they go, appear to indicate that the 
lethal and the hemotoac principles of the extracts are not antigenic. 
We expect to e.xtend the researches on the immunology of strepto- 
coccal extract filtrates in a later work. 

What Suhsiame or Substances in the Toxic Filtrates Cause Death 

of Mice? 

A question of interest was: Is death of the mice due to the anemia 
produced by the hemotoxin per se, or to some condition resulting 
from the anemia it causes, or is death due to some other toxic principle 
or principles in the toxic filtrates? 

In the first place, it was conclusively proved that the sickness and death of 
mice inoculated with toxic extracts, were not due to the toxic properties of the 
hemoglobin liberated during the hemolj'sis of the red cells. Large amounts of 
hemolyzed red cells (0.5 cc. of a 1-2 dilution of ether-hemolyzed packed rabbit 
red cells) were not toxic when injected intravenously into mice. Such an amount 
of hemoglobin caused hemoglobinuria similar to that obtained after inoculation 
of a toxic extract. 

Secondly, it was demonstrated that extreme anemia is produced in mice inocu- 
lated with toxic extracts, by the red cell counts obtained in a series of 6 toxin- 
injected mice. Tables IV and V give the results of this experiment. 

The toxin used in the experiments (Tables IV and was a comparatively 
weak sheep extract filtrate, both as to lethal and hemotoxic content, the latter 
being ISO units per cc. 
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Tlic results of this experiment elemonstrnte that all the mice had severe anemia 
after tlie injection with the exception of !Mousc 1, which became neither anemic 


TABLE IV 


Toxic Effect ait Mice of Intravenous Injection of Streptococcus Scrum Extract Filtrate 


Mouse No. 

WeiRht 

Amount of 
_ toxin 
injected 

Sj-mptoms 

Died or 
survived 

Rcm.arks 

1 

17.5 


® i 

S 

Never sick 


2 

19.0 


++ + + 

D 3 hrs. 



3 

19.5 

0.2 

+ + + 

S 

For 3 d.ays verj' sick. 

June 26, 






well 


4 

22.0 


+ + + + 

D 4 hrs. 



5 

21.5 

Bra 

H — h+ 

D 6hrs. 



6 

18.0 

0.3 

+++ 

S 

For 3 days verj' sick. 

June 26, 






well 



TABLE V 

Anemia Produced in Mice Inoculated with Toxic Extracts (See Table /F)* 
R. B. C. counts in thousands per cubic millimeter 


Date 

Time 

No. 1 

Time 

No. 2 

Time 

No. 3 

Time 

No. 4 

Time 

No. S 

Time 

No. 6 










Bi 





iS 




6,980 




6,740 


7,210 


% Q 


m 


8,888 


6,688 


7,210 


7,195 

■ 

7,368 



June 

14 








7,910 

■ 

6,970 



June 

17 


6,890 


6,410 


9B 


7,320 

■ 

6,930 


Bi 




Inocul.ated at 

11 a.m. June 

22. 

(See Table IV.) 



June 

22 

3 


1 


1 

3,850 

1 

2,170 

3 

2,760 

1 




p.m. 


ji.m. 


p.m. 


p.m. 


p.m. 


p.m. 


June 

23 

10 



D 3 

10 



D4 


D 

10 



a.m. 



hrs. 

a.m. 



hrs. 


about 














6 hrs. 



June 

26 

4 

6,800 



4 

4,810 





1 

3,870 



p.m. 




p.m. 






p.m. 



* We are indebted to Miss Margaret Brest for making the R. B. C. counts in 
this experiment. 


nor sick. The most probable explanation of this discrepancy is that the inocu- 
lation was given subcutaneously instead of intravenous^. 
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From these obsen^ations it appears that if tlie toxicity of the ex- 
tracts for mice is due to the presence of hemotoxin in such extracts, 
death is brought about by the anemia itself or by some condition 
resulting from the anemia and not by the presence of hemoglobin 
per sc. 

But if death of the mice is caused by anemia, it would be logical 
to suppose that there would be a correlation between the hemotoxic 
and lethal properties of a preparation. Such, however, is not the case. 
In a series of 30 different streptococcal filtrates, titrated both for 
hemotoxic and lethal principles, 1 lethal unit of toxin contained any- 
where from 11 to 100 units of hemoto.xin. This series contained 
freshly prepared toxins which were usually strong in both lethal and 
hemotoxic properties, and weaker toxins, which had been deteriorated 
through standing or slight heating (37°C. for 1 hour or 56°C. for 
5 minutes) and which were usually relatively stronger in lethal than 
in hemotoxic content per cubic centimeter. This last observation 
seems to indicate that the lethal principle is relatively more stable 
than the hemotoxic principle. 

In connection herewith, it is interesting to note that the relation- 
ship between the lethal and hemotoxic content of a streptococcal 
serum extract preparation is in direct contrast to that obtained be- 
tween the lethal and hemotoxic content of staphylococcal toxic fil- 
trates. Here 1 lethal unit in a weak preparation contained usually 
twice as many hemotoxic units as in a strongly toxic preparation (6). 

The preceding evidence on the lack of pEirallelism between the 
hemotoxic and lethal activities of streptococcal serum extracts appears 
to signify that there is some toidc substance other than the hemotoxin 
in such extracts which causes death; in other words, that the injected 
mice do not die solely of anemia or some condition resulting from the 
anemia. At present we have no experiments bearing on whether this 
other toxic substance is leucoddin. 

Extraction of Hemolytic Streptococci "with Diluted Serum arid 'with 
Materials Other than Serum 

Attempts were made to extract toxic substances from hemolytic 
strep to coed with diluted serum and with various other materials. 
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Inactivated scrum diluted 1-2 or 1-5 with broth is a fairly strong extracting 
agent for hcraotoxin, the most potent preparation obtained containing 160 units 
per cc. Serum diluted 1-5 with distilled water, boiled for 10 minutes, and brought 
to isotonicity with NaCl also extracts hemotoxin from streptococci, in one experi- 
ment 80 units per cc. However, filtrates from the latter preparations (diluted 
scrum and diluted boiled scrum extracts) did not kill mice in 0.5 cc. amounts 
injected intravenously. Botli egg white diluted 1-2 with broth, and milk heated 
to 56°C. for 40 minutes c.xlractcd about 60 units of hemotoxin per cc. from hemo- 
lytic streptococci. Broth was a weak extracting agent for hemotoxin (extracted 
20 units per cc.) and dextrose 1 per cent, physiological saline, or gelatine 2 per 
cent in saline, extracted no hemotoxin from streptococci. These latter extracts 
were not tested intravenously in mice. 

DISCUSSION 

This work demonstrates that sterile filtrates of certain serum ex- 
tracts of hemotytic streptococci are leucocidic and extremely hemo- 
lytic and cause death of mice when injected intravenously in com- 
paratively small amounts. WOietlicr the toxic properties of tliese 
extracts are due to one or to several substances has not as yet been 
conclusively proved. 

It is interesting to note here how tlie origin of hemoto.xin differs 
with various organisms. In the pneumococcus, hemotoxin is endocel- 
lular and is only liberated by tlie breaking up of tire cells (7); in 
Staphylococcus aureus it appears not to be endocellular, nor is it on 
the surfaces of the organism (if our negative results with tlie serum 
extraction of the staphylococcus signifies this) but is given off during 
the growtli in a suitable medium, perhaps eitlier as a secretion product 
or as a derivative product of some substance in the medium; on tlie 
other hand, from this work, tlie hemotoxin of Streptococcus hcviolyticus 
appears, in great part at least, to be easily extractable. It is possible 
that hemotoxin may be liberated in some way by tlie breaking up of 
the streptococci during the extraction process, but if there is a dis- 
integration of the cocci, it must be slight, since in stained smears of tlie 
extracts after shaking, they appear to be intact. 

CONCLUSIONS 

1. A method is described whereby toxic substances may be ex- 
tracted from hemolytic streptococci with inactivated serum. 

2. Such extracts contain large amounts of hemotoxin and leucocidin. 
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3. Their intravenous injection into mice causes marked hemo- 
globinuria, anemia, and death. 

4. There is eNadence that Uiis anemia is not the only cause of death 
of these animals. 

5. Incomplete work seems to indicate that the hemo toxin and the 
lethal poisons are not antigenic. 

6. Certain biological properties of the extract are described. 

We are indebted to Miss Anne Gunther for technical assistance in 
the first part of this work. 
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In recent preliminary communications (1) experimental data were 
presented showing that degenerative and proliferative lesions may be 
produced in the heart valves of the guinea pig by subjecting the 
animal to the combined influence of scurvy and a localized infection 
with heinolytic streptococci. Attention was directed to the funda- 
mental siimlarity of the lesions so produced to those of rheumatic 
fever. Proliferative reactions were observed in the myocardium and 
pencardium that lent more support to the analogy. In addition it 
w^ briefly pointed out that a more or less prolo^ed iuadequa" of 
vitamm C m the diet produces functional impairment and anat^c 
changes in the joints of the experimental animals. VTien the insult 
of iMection was added to this disability the functional impairment and 
anatoimc changes were accentuated. The lesions in the joints were 
noted to be of a type consistent with those of rheumatic fever No 
physiologic impairment or lesions developed in the ioints nf i 
« .0 fte sa^e infection if ^aintnSed onfdiCtt adTolt 

suggestive experimental evidence Ltu 
rally led to an analysis of other data which might suDDort th^ 
that scurvy may bear a relation to rheumatic fever. It was 
out that such a concept would appear to afford an i ■ 
epidennological pecuLties of 

m ae sy^ptotaatology of latent aenrvy and tte pte^hra.^,^^ 
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rheumatic stale Avere noted. It was suggested tliat a condition of 
latent scurvy may provide the susceptible host and when the factor of 
infection is added to the scorbutic state, the sjmiptoms and lesions of 
rheumatic fever develop. A detailed description of the lesions re- 
sembling those of rheumatic fever produced in the lieart valves and 
heart muscle by combining infection and scur\'y in the guinea pig has 
been reported (2). Other lesions notably those in joints produced by 
combined scurvy and infection likewise bear rather striking resem- 
blance to tliosc of rheumatic fever. It is the purpose of the present 
communication to consider these pathologic changes. Particular 
attention is directed to a peculiar degenerative lesion involving collagen 
which appears to be a fundamental alteration common to both rheu- 
matic fever and scur\y. 


Outline of Methods 

An outline of the essential facts of method will be reviewed. The basal diet 
employed was a modification of one that has been used e.xtcnsively in researches 
on experimental scurvy in tlie guinea pig.* It is complete in all food factors except 
vitamin C and, when supplemented with adequate amounts of orange juice, is 
sufficient for growth and maintenance. The infecting agent was usuall}’’ a hemo- 
b'tic streptococcus derived from tlic suppurative ccr^’■ical 13 'mphadenitis which 
occurs spontaneously in the guinea pig. This organism is a favorable one because 
it is adapted to the guinea pig and will almost uniforml_v produce a localized sub- 
acute infection of the lymph nodes draining the site of inoculation. It rarel}" 
causes spontaneous death and tlie infection remains localized in most instances. 
Infection was transferred by intracutaneous inoculation of 0.05 to 0.1 cc. of a 24 
hour culture of the organism grown on Averj^’s glucose veal broth. The inocula- 
tions ■were made into the skin at the inner aspect of the thigh. The experiments 
performed included a studj"- of tlie pathological effects of acute, subacute, and 
chronic scurvy alone, of similar degrees of scurvj' combined with infection, and. 


* The basal diet used has the following composition: 

Baked skimmed mild powder (baked at 110-120° for 2 hrs.) 
Ground rolled oats and bran — equal parts bj' volume. ... 

Butter fat 

Dried yeast (Fleischmann’s yeast for animals and poultrjO 

Cod liver oil (standardized) 

Sodium chloride 

Ferrous lactate 


{<cr cent 

30 

56 

10 

1.5 

1.0 

1.0 

0.5 
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as controls, infected and non-infcctcd animals maintained on the same basal diet 
adequately supplemented with orange juicc." 

Lcsiotis in the Joints 

Data available at the present time with respect to changes in joints 
of guinea pigs maintained under the influence of combined scurvy and 
infection are perhaps not adequate for final conclusions, but the rela- 
tively few observ'ations are so highly suggestive that they are worthy 
of record. 

Joint pain and swelling are well known to be a part of the sv-mptomatolog}' of 
scurvj'. Joint manifestations, chiefly stiffness and partial fixation in the knees, 
were noted in early experiments in the animals subjected to subacute or chronic 
scurv)' both with and without infection, although sv'slematic observations were 
not made. In a recent e.xperiment performed particular attention was given to 
the joint manifestations and pathologj-. In this series there were seven animals 
maintained on the basal diet adequately supplemented with orange juice and in- 
fected with Strepiococats Itemolylicus. Four animals were maintained in a condi- 
tion of chronic scurvy on a diet severely but not wholly deficient in xntamin C. 
Nine animals were maintained on the same vitamin C-deficient diet and subjected 
to infection with Slreplococcus heniolyticiis? The animals were maintained on the 

- 4 to 6 cc. daily has been considered an adequate supplement for animals 
weighing from 300 to 450 gm. The acutely scorbutic animals were deprived 
entirely of vitamin C. Animals with subacute and chronic scurvy received small 
but inadequate vitamin C supplements to the diet. Those with chronic scurvy' 
were maintained for longer periods of time than the subacute groups. 

^ The exact dietary' regime and experimental procedure in the chronic scurvy' 
animals in this series can be seen from the following protocol. The animal is one 
in which infection was superimposed upon the scurvy. 

Animal 152. Weight 408 gm. Placed on basal diet beginning Jan. 19, 1933. 
Maintained for 67 days with a total of 24 cc. of orange juice supplement (6 cc. 
first 13 day's, none the next 19 days, an average of 1 cc. daily for 11 days, none the 
next 7 days, and total of 7 cc. during the last 25 days). Inoculated 0.1 cc. broth 
culture beta streptococcus into skin of left thigh on Feb. 10, 1933. Feb. 19, 1933, 
infection maximal with large mass in left groin 2 x 1.3 cm. On this day noted 
swelling and fixation of right knee and fixation of left knee. Infection persistent, 
slow regression. Animal chloroformed Liar. 27, 1933. Weight 272 gm. Path- 
ological notes; Small lymph nodes in both groins. Patchy atelectasis of lungs. 
Costochondral junctures swollen. Single abscess in spleen. Bladder hemor- 
rhagic. Brownish discoloration (old hemorrhage) about right knee. No evidence 
of recent hemorrhage. Questionable shortening of mitral valve. Subcutaneous 



100 


SCURVV WITH INFECTION*, AN*D RHEUMATIC FEVER 


dietary regime for 22 days before infection. Infection was transfcrrcfi by inocu- 
lation into the skin of the left thigh of 0.1 cc. of a 2-1 hour broth culture of .9/rc/>/e- 
cora/s J:mo!y}ic;ts (source— spontaneous cervical adenitk of the guinea pig). 
Obscr%-alions were made on the joints in the entire series 9 da>-s after the transfer 
of infection. 

Of the seven animals subjected to infection but maintained with an adequate 
vitamin C supplement to the diet no involvement of the joints was obserwablc. 
(Two animals showed partial lixntion of the left knee not due to intrinsic joint 
pathology- but to tumefaction of the regionally infected lymph nodes.) 

Of the four animals of the chronic scurvy group, non-infcctetl, two showed 
stiffness and partial fixation of the knees (see Tig. 1). Of the eight surviving 
animals subjected to chronic scurvy and infection all showed some fixation of the 
left knee (on the side of inoailation). Three, in addition, showed well defined 
swelling of both knees as illustrated in Tig. 2. 

In one instance the swelling was due to a suppurative arthritis; in the others not. 

It is believed that these observation.^, although including but a 
relatively small number of animals, show not only a definite artliropi- 
atliy in scorbutic animals but a tendency for a more manifest arthrop- 
atliy in the scorbutic animals subjected to infection. Further e.v- 
periments are in progress to extend tlicse obscivations. It would 
appear probable that other infecting agents than tlie streptococcus 
used might produce similar eiTects.'* 

nodule over bony prominence of knee. Microscopic examination shows definite 
interstitial proliferation in mitral xxUve. The subcutaneous nodule shows bands 
of fibrinoid degeneration and endothelial proliferation resembling the lesion of 
rheumatic fever. Joints show fibrinoid degeneration in synovia and periarticular 
tissues. Similar degeneration in connective tissues about costocliondral junc- 
tures. Much hemosiderin in the spleen. Hemosiderin and crx-tlirophagocytosis 
in cerxdcal h'mph nodes. 

* A series of animals under obserxxition at the present time would appear of 
Interest in this connection. In the group there are twelve animals that have been 
maintained on a clironic scurfy-producing diet for 33 days. The animals have 
received 1 cc. of orange juice three times weekl}*. Six of the animals were sub- 
jected to infection by inoculation into the skin of the neck 27 days after tlie onset. 
Obsenaition of the entire group was made on the 33rd day. Of tlie chronic scurvy 
group, rvathout infection, all showed some stiffness and slight thickening of one or 
both knees. One animal only showed a mild swelling of one knee. Of tlie clironic 
scurvy group tliat were infected four showed in addition to the stiffness and thi(i- 
ening a moderate swelling of one or both knees, and one animal exhibited a mild 
swelling. Onlv one animal showed the simple stiffness and thickening of the non- 
infected group.' Judged by tlie local reacUon at tlie site of inoculation Uie infection 
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Histologic obsen’ations include a somewhat larger series of animals. 
One or more joints were e.xamined microscopically in 29 animals as 
follows: Acute scurvy 3, subacute or chronic scurv>' 4, acute scurvy 
plus infection 1, chronic scur\y plus infection 7, infection followed by 
subacute scur\y 4, control (adequate) dietary without infection 3, 
and control (adequate) dietarj' with infection 7. 

Histologic observations were made on the joint cavity, the s>-novia, and the 
capsular and periarticular tissues. One observation of considerable significance 
is that the animals infected but maintained on a diet with adequate vitamin C sup- 
plement show no ph 3 -siological impairment or gross or microscopic lesions in the 
joints. Fig. 3 shows a normal knee joint in such an animal. Note the clear joint 
space and simple sjmovTal lining. 

In acute scurvy the changes obser\Td in the joints were minimal. 
A little hyaline fibrinous material was seen in the joint space adherent 
to the synovia which showed no or only very slight proliferation. A 
mild degree of hemorrhage was seen in the joint capsule in one instance. 
The single animal subjected to acute scurvy and infection showed 
essentially the same picture. 

In chronic scurvy more definite and severe lesions were seen, in 
agreement with the greater functional impairment observed. Con- 
siderable amounts of a hyaline fibrinous material were seen in the 
joint spaces usually adherent to or replacing the synovia. In a few 
instances a slight proliferation of the S 3 movial tissue was observed. 
In the subsynovial, capsular, and periarticular tissues, streaks and 
masses of a peculiar, brilliant eosinophilic hyaline material were fre- 
quently encoimtered. Areas of hemorrhage were also present. 

There did not appear to be any fundamental difierence in the 
character of the joint lesions in the animals subjected to chronic 
scurvy alone and those subjected to both scurvy and infection except 
that the lesions in the latter group were in general more pronoimced. 

in tbb group of animak was quite mild. Because of the unusually mild local 
reaction, cultures were made from the neck glands and tissues of several animals. 
An organism which gave a grej-ish white semitranslucent colony and produced 
hemolysis on blood agar was isolated in most instances. This organism was 
identified as a staphylococcus by fermentation reactions. The usual hemolj-tic 
streptococcus was not present. 
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Fibrinous hyaline material was invariably present in the joint spaces and the 
synovial jirolifcrative reactions were more striking than in animals subjected to 
scurvy alone. Foci of hyaline eosinophilic material were regularly seen in the 
subsynovial, capsular, or periarticular tissues. I*ig. ■} shows a characteristic pic- 
ture of the knee joint in an animal subjected to the combined insult of chronic 
scurvy and infection. Dark tongue-like ma.sses, attached to and e.vtending from 
the synovia may be seen in the joint recesses. In sections stained with hema- 
toxylin and cosin this dark material takes a brilliant eosinophilic stain resembling 
fibrin. The regional synovial lining is mildly hyperplastic and there is some fibro- 
blastic extension into the hyaline material. (Contrast with normal knee joint of 
animal subjected to infection but maintained on an adequate diet shown in Fig. 3.) 
Fig. 5 illustrates a portion of the knee joint beneath the patellar tendon in another 
animal subjected to subacute scurvy and infection. The hyaline material c.x- 
tending into the joint space, the synovial proliferation, and the hyperplastic con- 
nective tissue reaction above and below the patella tendon arc well shonm. A 
portion of the same lesion is illustrated in greater detail in Fig. 12, b. Here the 
eosinophilic fibrinoid material m.ay be seen extending into the subsynovial tissue. 
Fig. 7 shows a tongue-like projection from a recess in the knee joint composed of 
an intimately intermingled hyaline fibrinoid material and proliferated sjmovial 
cells. Figs. 6 and 8 illustrate areas of hyaline (fibrinoid) degeneration in the 
periarticular tissues. ® 

SimUarity of the Joint Pathology to That of Rheumatic Fci'cr 

Detailed observations on the joints in acute rheumatic fever arc not abundant. 
Fahr (3) described in acute rheumatic fever a proliferation of tlie sjmovia with the 
lumen side bordered by a fibrinoid necrotic material and a rheumatic nodule in a 
tendon in the region of the knee joint showing a fibrinous hyaline material lying 
between the fixed elements. The full significance of the peculiar pathologic 
changes present in the joints of the experimental animals subjected to chronic 
scunw and infection was not appreciated until the careful observations of Klinge 
(4, 5) and Klinge and Grzimek (6) were studied. Klinge (4) in a detailed account 
of the pathologic findings in a case of rheumatic fever recorded clianges in tlie 
joints tj'pified bj’’ hi'pcrplasia of tlie s)’novial epithelium which was layered and 
interrupted by nodes and streaks of fibrinoid necrosis. The connective tissue was 
edematous and stippled with leukocj'tes. The subsjmovial and capsular con- 
nective tissues contained foci of fibrinoid degeneration. In subsequent studies 
Klinge and Grzimek (6) and Klinge (5) extended and amplified the obserrations 
on joints in rheumatic fever. The lesions in rheumatic artliritis were characterized 
by fibrinoid degeneration and granulomatous reactions in tlie capsular and peri- 
articular tissues, some hj'perplasia of the sjmovia with fibrinoid degeneration 

® All illustrations of joints except Fig. 3 are from animals subjected to subacute 
or clironic scurvy combined with infection. 
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in the siTiovnal and subsj-novnal tissues and the presence of hyaline fibrinous ma- 
terial free in the joint space. The intimate intermingling of the fibrinoid material 
Vi-ith the sj-novia and e.xtension into the subsjTiovial tissue were considered charac- 
teristic of rheumatic arthritis. We have been greatly impressed by the essential 
similarity of the experimental lesions and the lesions of rheumatic arthritis de- 
scribed and illustrated by Klinge.® 

Klinge and Grzimek (6) hold that although acute or subacute rheumatic fever 
and chronic infectious or rheumatoid arthritis may usually be differentiated, both 
disease pictures are so intimateb' related in joint and general pathology’ that a 
rheumatic basis may be assigned to both. 

Subcutaneous Nodules 

Subcutaneous nodules were not looked for in routine postmortem 
examination of animals, yet one was encountered overlydng the head 
of the fibula in an animal subjected to chronic scurvy and infection. 

The nodule measured about 2 mm. in diameter. Histologically it is character- 
ized by an intermingling of strands and masses of a brilliant eosinophilic sub- 
stance, fibroblasts, and delicate endothelial channels. Fig. 9 shows the general 
architecture of the lesion. The drawing, Fig. 12, c, shows the peculiar hyaline 
degeneration accompanying the proliferative reaction. 

Swift (7) in describing a subcutaneous nodule in rheumatic fever states, "In 
close apposition to areas of cellular proliferation there is tissue destruction varydng 
in size from subnuliary areas to long strands of hyaline necrosis affecting connec- 
tive tissue fibres; combined with the necrosis are deposits of fibrin.” Edinge (5) 
considers the subcutaneous rheumatic nodules essentially similar to the smaller 
areas of fibrinoid degeneration and granulomatous reactions encountered in the 
periarticular tissues; the subcutaneous nodules are only exaggerated lesions of the 
same sort. As has been previously’ noted, such lesions are characteristic findings 
in the periarticular tissues of the experimental animals and have been noted with 
considerable frequency’ in the tissues surrounding the costochondral junctures 

(Fig- 10). 


Miscellaneous Pathological Lesions - 

Certain, miscellaneous lesions which appear to have a common occur- 
rence in rheumatic fever and in scurvy combined with infection, will 
be briefly mentioned. 

The reader is referred to this author’s illustration of the joint lesions of rheu- 
matic fever in the follou-ing journals : Virchows Arch. path. Anal , 1930 278, 453 
459; 1932, 284, 655; 286, 363, 372. 
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IMisccllancous lesions commonly obscr\-ccl in rheumatic fever are skeletal 
muscular degeneration, foci of necrosis in the liver, hyaline degeneration of the 
follicle reticulum in the spleen, crytlirophagocylosis in the lymph nodes, and focal 
accumulations of lymphocytes in the cortex of the kidney (5). 

Comparable lesions were observed with considerable frequency in the experi- 
mental animals. Degeneration of the skeletal muscle is so frequent in the scor- 
butic animal as to be considered almost characteristic. This has been dearly 
shown by the work of Ihijcr (8), Meyer and McCormick (9), Dalldorf (10), and 
others. In our own animals degenerative changes in the skeletal muscle particu- 
larly in the intercostal muscles has been repeatedly observed in chronic scurv'y and 
chronic scur\’y combined with infection. Such a lesion, showing also a focus of 
fibrinoid degeneration and hyperplastic connective tissue is illustrated in Fig. 10. 
Focal necrosis in the liver has been another not infrequent observation in animals 
subjected to scur\'y or to scur\*y and infection. Hyaline thickening of the retic- 
ulum at the periphery of the lymph follicles of the spleen was commonly seen in 
the experimental animals subjected to scun.'y and infection, particularly in a group 
which were maintained, after experimental infection {beta streptococcus), for a 
period of about *10 days on a diet severely deficient in vitamin C. Eythro- 
phagocytosis in the lymph nodes was noted to be a characteristic finding in the 
animals subjected to combined scurx'y and infection. Fig. 11 illustrates such a 
node. Although focal collections of lymphocytes arc not uncommonly present in 
the cortex of the kidney of normal guinea pigs, in early c.xpcrimcnts in which 
animals were maintained on a diet entirely without vitamin C and subjected to 
infection, we were impressed by the size and frequency of sucli reactions. 

It would appear to be probably more than coincidence that this 
array of miscellaneous pathologic findings should have a common 
occurrence both in rheumatic fever and in scurxy or, more particularly, 
in scurvy combined with infection. 

The Problem of Jlcmorrhagc 

Hemorrhage plays sucli a prominent part in outspoken scurv}’^ tliat it 
is usually considered as a hemorrhagic disease. In tlie experimental ani- 
mals studied, hemorrhagic manifestations were frequently noted. How^- 
ever, in tlie more chronic states although hemorrhages were usually 
present, the degree of hemorrhage was frequently not striking. The 
bladder and adrenal, and to a lesser extent, the periarticular tissues 
were frequent sites of gross or microscopic bleeding. 

Hemorrhagic manifestations are not uncommon in rheumatic fever. Purpuric 
skin lesions have been recorded, and bleeding from the nose is of relativel}^ frequent 
occurrence. Poynton and Paine (II) have described blood-stained synovial fluid 
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and a swollen hypercmic siTiovial mcinbranc in acute rheumatic arthritis. The 
recent study of Cobum (12) would indicate that hemorrhage is characteristic of 
the acute phases of rheumatic fever. He describes nine eases examined early after 
the onset of an acute attack of rheumatic fever and notes the frequent occurrence 
of hemonhages. He states, "In all the patients djing during marked activity of 
the rheumatic process, hemorrhagic lesions were widespread.” 

In cases of sepsis, hemorrhagic manifestations are of course common, but as 
pointed out by Cobum (12) the hemorrhages of rheumatic fever cannot be assigned 
to sepsis. A scorbutic factor in rheumatic fever would appear to offer a satisfac- 
tor>' explanation for the hemorrhagic manifestations. 

Similarity of the Fundamental Pathology in Scurvy a7id Acute 
Rhcu/natic Fever 

As has been previously indicated (2) basic lesions of scurvy and 
rheumatic fever have certain fundamental similarities. 

The work of Aschoff and Koch (13), Hdjer (8), and Wolbach and Howe (14) has 
demonstrated that the scorbutic animal is unable to form normal intercellular 
substances, which, of course, includes collagen. Hbjer has emphasized the occur- 
rence of degenerated or imperfectly formed collagen even in early and relatively 
mild degrees of scurvy. He considers that there is a stage in which the scorbutic 
animal, though unable to form a normal collagen, can elaborate an imperfect 
cement substance. The fibrinoid swelling of collagen which Klinge (4) holds to be 
the basic lesion in rheumatic fever wotild appear to represent a related degenera- 
tion or imperfect formation of collagen. Klinge has emphasized the widespread 
occurrence of this lesion in rheumatic fever. He considers it to be the initial and 
characteristic lesion of rheumatic fever occurring particularly in the heart valves, 
heart muscle, articular and periarticular tissues. The Aschoff reaction is a peculiar 
cellular response to this degenerative substance. We have noted (2) the occur- 
rence of a degenerative change of this type in the heart valves. In one instance 
areas of s imila r degeneration were seen in the epicardial tissue adjacent to the heart 
muscle. This lesion is shown in Fig. 12, a. Lesions which are apparently identical 
with Klinge’s fibrinoid degeneration appear to be the most characteristic changes 
occurring in the articular and periarticular tissues of animals subjected to chronic 
scurvy and more particularly those in which infection is combined with such a 
scurvy. 

DISCUSSION 

ExperUnental Attempts to Reproduce Rheumatic Fever. — ^Attempts to 
reproduce experimentally the lesions of rheumatic fever have proved 
disappointing. Gross, Loewe, and Eliasoph (15) have recently re- 
viewed this subject and attempted themselves to reproduce the dis- 
ease by injecting different strains of streptococci under a variety of 
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experimental conditions in :i number of different sjK'cics of animals. 
They concluded that not only were they unable to reproduce the dis- 
ease but that the same could be said of the attempts of previous investi- 
gators. In general, most of the reported e.vperiments involved intra- 
venous inoculations with large doses of slrejitococci i.‘;olated in one 
way or another from cases of rheumatic fever. Lesions when produced 
c.xperimcntally in the heart valves corresiX)nded more closely to tliosc 
of bacterial endocarditis th.an to the unique lesions of rheumatic en- 
docarditis. 'J’lie joint pathology, The AschofT reaction, or the sub- 
cutaneous nodules were not adequately reproduced. Klinge (16) 
and Vaubel (17) have more recently induced c.x'perimcntally, patho- 
logic changes bearing certain resemblance to those of rheumatic fever 
by repeated inoculations with foreign proteins. 

The lesions produced by subjecting the guinea pig to the combined in- 
sult of scurvx' and infection are considered by us to be fundamentally 
similar in character and distribution to those of rheumatic fever. Tins 
naturally suggests that some such relationship holds in man. Ob\a- 
ously, outspoken scurvy is not present in rheumatic fever. It would 
appear more probable that a subclinical or latent scurvy may form 
a background in which the added insult of infection precipitates rheu- 
matic fever." Altliough other factors would not appear necessar}’-, 
sucli a concept does not deny the possible influence of intrinsic fac- 
tors as hypersensitivity, or extrinsic environmental influences as damp- 
ness and cold. 

The strongly suggestive experimental data naturally led to an anal- 
ysis of the epidemiolog)' of rheumatic fever to determine if it con- 
tained any evidence pointing toward a relationsliip between scurvy and 
rheumatic fever. 

The epidemiology of rheumatic fever has long presented a cliallenge 
to tlie medical profession. Certain peculiarities of tlie disease, notably 
tlie social incidence, the seasonal incidence, and tlie geograpliical dis- 
tribution, have awaited a satisfactory'’ explanation. The studies of 
Swift (18), Paul (19), Poynton and Sclilesinger (20), and Coburn (21) 
afford excellent sources of epidemiologic data on rheumatic fever. 

^ Because of the close relationship known to e.\ist between rheumatic fever 
and chronic infectious or rheumatoid arthritis it is believed tliat scur\T may play a 
r 61 e in this condition. 
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Injlucncc of 3fa/KK/n7;V«.— Numerous observers have emphasized the mal- 
nourished state of children suffering from, or that are prone to develop rheumatic 
fever. Yining (22) emphasizes the debilitated state of the prerhcumatic child. 
This author suggested that Nutamin B undemutrition might play a r61e in the 
development of rheumatic fever. Campbell and Warner (23) state, “We agree 
with Yining who maintains that it is the debilitated child who develops rheuma- 
tism.” Swift observes that most rheumatic children appear undernourished. 

Social and Urban Incidence. — It is a well recognized fact that rheumatic fever is 
predominantly a disease of the poor. Campbell and Warner (23) state that rheu- 
matic disease is the most crippling aficction of the children of the poor. Swift (24) 
notes that statistics show ob\'ious rheumatic fever is fifteen to twenty times more 
frequent in the laboring classes than in those forming the bulk of private practice. 
The greatest incidence is among the poor of elcmentarj' school age living in the 
cities. One need only consider the notoriously ill advised diet of the poorer chil- 
dren of metropolitan areas such as New York and London to realize that mal- 
nutrition and probably latent scurvy might occur under such circumstances. 

The Existence of Latent Scurvy. — The problem of the e-vistence and incidence of 
latent scurvy has not yet received the attention it deserves. There are a number 
of reports of groups of cases of mild scurvj’ in the literature which will be dted 
subsequently. More recently there have been fundamental researches directed 
at the problem. Gothlin (25) using the reduced capillary strength as an index of 
latent scurvj' found evidence of vitamin C undernourishment in about 18 per cent 
of the school children (betu'een 11 and 14 j'ears) in the province of Uppland 
(Sweden) during the months of April and Maj'. In a subsequent study in the 
district of Norrbotten, north of the arctic circle, Falk, Gedda, and Gothlin (26) 
revealed a similar incidence of latent scurvy in presumably healthy children. 
Dalldorf (27), also using capillary resistance tests as a criterion, considers that mild 
degrees of vitamin C deficiency may constitute a problem of considerable public 
health importance. In a study of a group of children from poor homes in the 
State of New York he found an incidence of subclinical scurvj' ranging from 35 to 
66 per cent as estimated from capillary resistance derminations. 

Such studies we consider of fundamental importance. The findings lend much 
support to the concept that scurvj' maj' bear a relationship to rheumatic fever. 

Age Incidence. — ^The age of onset of acute rheumatic fever is in the vast majority 
of cases under 15 years, as pomted out by Wilson, Lingg, and Croxford (28). 
Poj’nton'-(29) placed the average age of onset at 7 years and Coombs (30) at 10 
years. This is a period of active growth in which the nutritional requirements 
are great. It has been recentlj' shown (26) that children of elementary school age 
(5 to 14 years) require approximately two times more vi tamin C intake per kflo 
for the prevention of latent scurvj' than do adults. It would appear then that this 
would probably be the age of greatest incidence of subclinical or latent scurvj'. 

Seasonal JwrfdeHce.— Suggestive evidence of a probable relation of latent scurvy 
and rheumatic fever is present in the concurrent seasonal incidence of the two 
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conditions. All authors arc agreed that the greatest incidence of rheumatic fever 
in tin’s country is in the late winter and early spring. Campbell and Warner (23) 
point out that the maximum number of eases occur in England between Xovember 
and April. This is the season following a period of diminished availability of fresh 
fniits and vegetables in which the greatest incidence of sairvy, either latent or 
manifest, would be expected to occur. This would be particularly true for poor 
people living in the cities. Eallc, Gedda, and Gbthlin (26) have pointed out that 
any reduction of the capillary strength (evidence of latent scurvy) is more likely to 
occur in the spring (April). In this connection it is of interest to note that Hart, 
Stccnbock, and Ellis (31) have shown that the vitamin C content of winter milk 
(due to dry feed) was much inferior to summer milk. Butcher cl al. (32) found 
that 20 cc. of summer milk was superior in antiscorbutic properties to 60 cc. of 
winter milk. Considering the importance of milk in the dietary of children the 
finding would appear to be of considerable significance. 

The Geographic Dislribution . — The geographical distribution of rheumatic fever 
presents a fascinating problem. It has been maintained by Clarke (33) that 
rheumatic fever is non-existent in the tnie tropics. Sccgal and Secgal (34) in a 
study of the geographic distribution of rheumatic fever in Canada and the United 
States showed that its incidence diminished as the tropics arc approached. Clarke 
looked in the tnic tropics for rheumatic fever and did not find one ease in more than 
30 years. In contacts with about 150,000 patients he did not encounter a single 
case of rheumatic fever, mitral stenosis, or chorea. He quotes Sir Leonard Rogers 
(35) who writes that of 4,800 postmortem examinations in Calcutta only one ease 
of rheumatic carditis was found in 37 years. Of India Sir Leonard Rogers (36) 
further states, “Heart diseases were half as common as in London and rheumatic 
endooirditis was quite absent, although streptococcal infections were otherwise as 
frequent.” Indeed Clarke makes a strong ease for the non-e.xistenceof rheumatic 
fever in the tropics. Whether or not one agrees witli tliis extreme anew, all arc 
agreed that rheumatic fever is extremely rare in the tropics. Scunw is rare in the 
tropics except under unsatisfactory conditions as those that sometimes preaaiil in 
labor camps or military campaigns. Rogers and Alcgaw (37) note that most of 
the dietaries of the tropics arc quite well supplied with antiscorbutic substances 
except under such unusual circumstances. Indeed, if one analyzes the dietary of 
the various sections of the tropics one finds evidence that would render the occur- 
rence of scurvy under ordinary circumstances extremely improbable. In tlie 
Dutch East Indies, the Malay Peninsula, and Central and South America the large • 
amounts of fruits consumed probablj' prevent scurvj'. In China and India it is 
usual to consume considerable amounts of green leaf}' vegetables including many 
of the cabbage variety knomi to be rich sources of vitamin C. The vegetables are, 
as a rule, subjected to ver}' short cooking. This would preserve tlieir antiscor- 
butic potency. ^Moderate amounts of milk products are also consumed. In the 
dry tropics, including North Africa, Southern Europe, S}'ria, Turkey, Arabia, 
and Central India, dairy foods form the dietary staple. They are consumed in 
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large amounts, arc not pasteurized, and the producing animals graze on pasture 
lands.* Natural dairj- foods in sufficient amounts are cfTcctive antiscorbutics. 
Recently Van Brecman (38) has reported the remarkable fact that the number 
of cases of rheumatic fever both in children and adults is comparatively small 
in Holland. Also cases of the closely allied rheumatoid arthritb are compara- 
tively rare. It is interesting to speculate upon what influence dietary habits 
might have upon this. The importance of truck gardening and the dairy industry 
would suggest that the diet in this country’ would be more than usually adequate 
in vitamin C-containing foods. 

Symptomatological Similarilics of Lalcnt Scuroy and Prerhcumatic or Early 
Rlictimalic 5/a/e.— Symptoms of latent scurvy listed by Ohnell (39) are fatigue, 
mental depression, a feeling of oppression, dry' skin, and perhaps anemia. Meulen- 
gracht (40) adds to the list irritability, palpitation, and loss of appetite. Fri- 
derichsen (41) describes a prescorbutic myopathy occurring in children which 
may simulate subacute rheumatism. \'ining (22) in describing the prerheumatic 
child emphasizes the debility, diminished weight, loss of appetite, nen’ousness, 
pain in the limbs, headaches, and gastrointestinal disturbances. Coombs (42) 
describes the earliest symptoms of rheumatic fever as constitutional and character- 
ized by' loss of appetite, loss of weight, a rague seediness, and increasing pallor. 
Len-is (43) states that the children feel poorly, exhibit a loss of appetite, fatigu- 
ability, pallor, loss of weight, and frequently complain of pains in the limbs and 
chest, hliller’s (44) descriptions are in agreement. We find then, general under- 
nutrition, fatigue, loss of appetite, loss of weight, myopathy, nerv'ousness, and 
anemia as symptoms common to both latent scurvy and the prerheumatic or early 
rheumatic state. The most accurate single index for the recognition of latent 
scurvy appears to be an estimation of the capillary’ resistance. A diminished 
resistance is characteristic of latent scurvy. A diminished resistance has been 
recorded by Stephan (45) and by Wiemer (46) in acute poly’arthritis. This Wiemer 
considered to be due to the damaging effect of a toxin on the endothelium. A basic 
condition of latent scurvy’ in the rheumatic state would appear to offer a more 
satisfactory explanation. 

Role of hifectioK in Rheumatic Fever, — There can be no reasonable doubt that 
infection plays an important role in rheumatic fever. The frequent occurrence of 
tonsillitis, sinusitis, and other upper respiratory infections preceding the onset of 
rheumatic fever is well known. Streptococci have been implicated by’ a great 
number of observers. Reference may be made to the Pickett-Thomson Research 
Laboratory report (4/) for a historical survey’ of the bacteriological researches in 
rheumatic fever. Su m maries of the bacteriological observations on rheumatic 
fever are also available in the reviews of Swift (18), Poy’nton and Schlesinger (20), 


We are indebted to Dr. A. C. Reed, Professor of Tropical hledicine, Univ’ersity 
of California hledical School, and Dr. Nina Simmonds Estill for data regarding 
dietary’ habits in the tropics. 



110 


SCURVY WITH INFECTION, AND RHEUMATIC TEVER 


and Coburn (21). Briefly it may be .>;.iid that a variety of organisms, chiefly 
streptococci, have been found associated with the disease. The streptococci found 
have, however, been of ditTcrent sorts, 'i'iic Diplococcus rhcuinatkus of Poraton 
and Paine (11) was probably a non-hcmolytic streptococcus. CIaw.son (48) de- 
scribed strains of Streptococcus vlridav.s isolated from twenty eases of rheumatic 
fever, rheumatic endocarditis, or chorea; thirteen of which were isolated from the 
blood. Cecil, Nicholls, and Stainsby (49) and others have reported isolation of 
Streptococcus viridaus in a high percentage of blood ailturcs in rheumatic fever by a 
prolonged incubation technique. The organisms were, however, of different 
immunological types. Independent of the question of their etiological r61c, the 
difiiailty encountered in growing the organisms would indicate that they are 
present in the blood in very small numbers. The investigations of Birkhaug (50) 
and Small (51) would implicate a non-mcthcmoglobin-forming streptococcus. 
IVIorc recently. Swift (IS) and Coburn (21) have brought into prominence the 
possible relation of acute upper respiratory infections caused by hemolytic strepto- 
cocci to the development of rheumatic fever. All of the evidence points to a 
factor of infection in the genesis of rheumatic fever. Tire bacteriological findings, 
though implicating streptococci in general, show a lack of uniformity in tjqMS or 
strains. If, as the experimental data would appear to indicate, the scorbutic state 
is an important factor in the genesis of the lesions, a type- or strain-specific infection 
would seem unnccc.ssary. Coburn stresses the variety of consequences resulting 
from implantation of the hemolytic streptococcus in the phaiynx. Only in a small 
minority is local infection followed by the rheumatic state. The implication is 
dear, as others have noted, that a factor other than infection must play a dominant 
r61c. It is the concept of the authors supported by c.vpcrimcntal, epidemiological, 
and clinical data that this other factor is a state of vitamin C malnutrition or 
latent scurvj’. It would appear that two factors, one of infection and the other a 
state of latent scur\y arc necessary for the development of rheumatic fev'er. If 
one thinks of the disease as a result of the two factors it can readily be seen that a 
mild scurvy with a severe infection or a more severe scurvy with a mild infection 
might produce a similar picture. The resulting disease would be the multiple 
effect of the two factors. An c-xplanation would appear to be afforded for the known 
wide variability in severity. The definite diminution in the severity of rheumatic 
fever observed in the past 20 years could be explained on the basis of the known 
improvement in dietary habits that has come with our increased knowledge of 
nutrition. If the concept presented is correct, control would depend upon main- 
taining a high vitamin C nutritional status, and diminishing e.xposurc to infection 
or eradicating established infections.® 


® It is interesting to consider that the amelioration of the disease tliat has been 
observed in cases transported to Porto Rico (21) might be due to a combination 
of the two beneficial effects. 
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SUIDEVRY 

In the guinea pig, chronic scurv>' with superimposed infection {bda 
streptococcus) and to a lesser extent chronic scurvy alone, produces 
an arthropathy with striking pathologic similarities to that of rheu- 
matic fever and the closely allied condition of rheumatoid arthritis. 
Considerable significance is attached to the widespread occurrence in 
the experimental animal subjected to scurvy and infection, and to a 
lesser extent in scurvy alone, of lesions similar to if not identical with 
the fibrinoid degeneration which has been considered the fundamental 
lesion of rheumatic fever. A subcutaneous nodule essentially similar 
to the subcutaneous nodules of rheumatic fever was observ'ed in one 
experimental animal. 

Attention is called to a group of general pathologic changes frequently 
observed in rheumatic fever which were also found in the experimental 
animak subjected to sciirvy and infection. These include degenera- 
tive changes in skeletal muscle, focal necrosis in the liver, fibrosis of 
the Malpighian bodies in the spleen, erythrophagocytosis in the lymph 
nodes, and focal lymphocytic accumulations in the kidneys. 

The problem of hemorrhage is considered. It is suggested that a 
scorbutic state may be the basis of the hemorrhagic' manifestations com- 
mon to the acute phases of rheumatic fever. 

The rmsatisfactory nature of previous experimental attempts to 
reproduce the pathology of rheumatic fever is noted. The lesions 
produced by subjecting the guinea pig to the combined influence of 
scurvy and infection are considered to be fundamentally similar in 
character and distribution to those of rheumatic fever. The patho- 
logic observations recorded in this and a previous publication (2) are 
believed to offer evidence that the disease known as rheumatic fever 
may be the result of the combined influence of scurvy and infection. 
It is suggested that a subclmical degree of scurvy may constitute the 
rheumatic tendency in which the added factor of infection causes the 
development of rheumatic fever or possibly the closely allied condition 
of rheumatoid arthritis. 

Epidemiological and clinical considerations appear to afford suppor- 
tive evidence to this concept. 

The authors wish to acknowledge the assistance of Miss Bernice Eddy 
in the bacteriological work. 
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EXPLANATION OF PLATES 

All of the sections were stained with hematoxj-lin and eosin. 

Plate 9 

Fig. 1 . Stiffness and partial fixation of knees due to chronic scurv>'. Animal on 
left subjected to chronic scurvy. Animal on right, control. (Basal diet ade- 
quately supplemented with orange juice.) 

Fig. 2. Fixation and swelling of knees due to chronic scurvy with superimposed 
infection. Animal on left, chronic scurvy plus infection. Animal on right, infec- 
tion only. (Same infection but diet adequately supplemented with orange juice.) 
Knees normal. 

Fig. 3. Knee joint. Infection only. Normal joint; note dear joint space and 
simple synovial lining. X16. 


Plate 10 

Fig. 4. Right knee,^ chronic srarvj- plus infection. Note tongue-like projections 
of dark hyaline material extending from joint recesses. X 13. 
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Fig. 5. Joint rccc.ss beneath llic patellar tendon. Subacute scurvy plus infec- 
tion. Note the dark fibrin-like material extending into the joint cavity, the pro- 
liferation of the synovia, and the connective tissue reaction above and below the 
patellar tendon. X72. (Sec also Fig. 12, b.) 

Fig. 6 . Periarticular tissue, right knee. Chronic scurvy plus infection. Note 
dark streaks of fibrinoid degeneration. X19.S. 

Fig. 7. Joint recess, right knee. Chronic scurvy plus infection. Intimate 
intermingling of dark hyaline, fibrinoid material and proliferating synovial and 
connective tissue cells. X19.S. 


riATK 11 

Fig. S. Periarticular tissue, right knee. Chronic scurvy plus infection. Fibri- 
noid degeneration. X19.S. 

Fig. 9. Subcutaneous nodule. Chronic scurvy plus infection. Dark streaks 
of fibrin-likc material arc intermingled with proliferating fibrobkists and capillary 
endothelial cells. X-14. 

Fig. 10. Intercostal muscle near costochondral juncture. Subacute scurvy 
plus infection. ^Muscle degeneration, connective ti.ssuc overgrowth, and focus of 
fibrinoid degeneration (on the right just above tlic middle of the photograph). 
X19S. 

Fig. 11. Erythrophagocytosis in the sinus endothelial cells of a cervical l,vmph 
node. Chronicscurvy plus infection. Xl95. 

Plate 12 

Fig. 12, a. Focus of fibrinoid degeneration in the interstitial tissue of the heart. 
Acute scurv'y plus infection. This is one of sev'cral such foci in the heart of tliis 
animal. Note the thickening and brilliant eosinophilic staining reaction of the 
abnormal collagen. X225. 

Fig. 12, b. Joint recess beneath patellar tendon. Subacute scurvy plus infec- 
tion. Drawing of lesion illustrated in Fig. S. Note the tongue-like projection of 
brilliant eosinophilic material c.\tending into the joint space. Strands and masses 
of a similar material extend into the subsynovial tissue. Note also the hj'perplasia 
of the synovial lining. X56. 

Fig. 12, c. Part of the subcutaneous nodule illustrated in Fig. 9. Portions of the 
collagen take a brilliant eosinophilic stain resembling that of fibrin or hemoglobin. 
X225. 



THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. 59 


PLATE n 





pL/ae 10 





(Rineliart tl aJ.; Scur\'>' with infection, and rheumatic fever) 










THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. 50 


PLATE 12 



(Rinehart et al.: Scuno* with infection, and rheumatic fe\-er) 




ACUTE ASCENDING I^IYELITIS FOLLOWING A I^IONICEY 
BITE, WITH THE ISOLATION OF A \TRUS CAPABLE 
OF REPRODUCING THE DISEASE 

By albert B. S/VBIN, M.D., ant) ARTHUR M. WRIGHT, M.D. 

{From the DcparlmciUs of Bacteriology and Surgery, A'cto York University and Belle- 
vue Hospital Medical College, and the Third {Nerai York University) Surgical 
Division of Bellevue Hospital, Ncvi York) 

Plates 13 to 15 

(Received for publication, October 28, 1933) 

It is v,'ell known that acute ascending myelitis is not a single disease; 
it is a syndrome, which is characterized chiefly by rapidly ascending 
paralysis and high mortality and which may occur in the course of 
various forms of acute myelitis. Of the so called infectious myelitides, 
those which follow a host of various bacterial and \dru5 diseases consti- 
tute the more frequent types, and are generally referred to as secondary 
or postinfectious myelitis. Pathologically this form of myelitis is 
characterized by perivascular demyelinization. Its pathogenesis and 
etiology are still obscure. Primary infectious myelitis is almost un- 
known, with the exception of rare cases of the so called spinal form of 
epidemic encephalitis, of acute anterior poliomyelitis which involves 
the remainder of the cord, and of certain recently described cases of 
acute ascending myelitis in which rabies \drus is the probable cause 
(1). The purpose of the present communication is to describe, 
firstly, a fatal case of acute ascending myelitis which followed the 
bite of an apparently normal monkey, and, secondly, the isolation 
from the brain and cord and from the spleen of that case of a filtrable 
virus which reproduces the disease in rabbits. 

History— Bv. W. B., 29 years old, was engaged in experimental work on polio- 
myelitis. On Oct. 22, 1932, he was bitten on the dorsum of the left ring and little 
fingers at the terminal phalangeal joints, by an apparently normal Macacus rhesus 
monkey. The wounds, which were superficial, were painted with iodine and then 
with alcohol, and Dr. B. continued his work. The monkey died under ether 
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during an operation; no pathological examination was made. 3 days later, Dr. 
II. noticed pain, redness, and slight swelling at the sites of the bites. A lymphan- 
gitis developed and soon there was enlargement and tendernc.ss of the left cpitro- 
chlear and axillary lymph nodes. In the afternoon of Oct. 28, he was admitted to 
the Third Surgical Service of nellcvuc Hospital. Ills temperature was lOl.'rf., 
the pulse was 90; jihy.sical exaiTiination revealed only the suiwrficial redness and 
slight induration over the dorsum of the terminal phalanges of the left little and 
ring fingers with an associated regional lymphangitis and c])itrochlcar and axillary 
lymidiadenitis. On the day of admi.ssion he received a prophylactic injection of 
tetanus antitoxin. In the course of the next few days he appeared to improve 
considerably; several small vesicles, containing a small amount of cloudy fluid, 
formed at the sites of the bites; the vesicles were opened on Oct. 30. The Ismiphan- 
gitis di.sappcarcd; the regional lymph nodes diminished somewhat in siae and were 
only slightly tender. 

On Nov. 1, 7 days after the first signs of infection of the fingers appeared, he 
developed generalized abdominal cramps, which lasted for 2 days and were not 
associated with tenderness, rigidity, nausea, vomiting, or diarrhea. On Nov. 4, 
he developed marked hyperesthesia of the lower extremities associated with urinary 
retention. Physical examination at that time revealed a generalized hyperalgesia 
below the level of the umbilicus; the knee jerks and abdominal reflexes were 
absent; the ankle jerks and cremasterics were present. Tlie llabinski sign was 
negative; there were no signs of meningeal irritation; the upper extremities were 
not involved. At his own request he was given 20 cc. of convalescent poliomye- 
litic senim. TIjc following day, Nov. 5, there was flaccid paralysis of both lower 
extremities. A spinal puncture performed that day j-ielded a clear fluid under 
slightly increased pressure with no evidence of block. ^licroscopic c.xamination 
showed 112 cells per c. mm., all monocytes, albumen -f-, globulin -f, reducing 
body 75.9 mg. per 100 cc. ; smears and culture of the fluid were negative. On Nov. 
5, after a neurological consultation by Drs. F. Kennedy and E. D. Friedman, the 
latter made the following note: “Pupils and other cranials negative. Upper 
extremities normal. Paraplegia involving all the muscles from the costal arch 
downward. Abdominals not obtained. Knee jerks absent; ankle jerks left 
greater than right. No Babinski — plantars ventral. There is a level at about 
D 7 to D 8 below -which pain and temperature senses are diminished. Tactile and 
posterior column sense not seriously altered. Bladder retention. Findings are 
those of a ventral myelitic lesion at the level noted. The etiolog}”- is obscure 
although tlie recent infection is probably related to the spinal condition.” During 
the next da}'-, Nov. 6, the sensor}”^ level had ascended to D 3, the ankle jerks were 
still present, and the upper extremities remained normal. On Nov. 7, he com- 
plained of paresthesias in the upper e.xtremities and Dr. Friedman made the follow- 
ing note: “Pupils, fundi, and other cranials negative except for a few nystagmoid 
jerks in horizontal plane. Upper extremities normal; biceps and triceps jerks 
present. No Horner syndrome. Breathing mechanism intact.” By this time 
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tlic ulcer on the little finger had entirely healed and was covered by a scab, and 
the one on the ring finger had become filled with granulation tissue. That night 
the temperature rose to 104.8°F. The following morning, Nov. 8, the temperature 
dropped to 99°F., but the patient looked verj' ill and complained of pain in the 
upper extremities. During the course of the day, hiccoughing developed and 
the respirations became slow and irregular. During the evening the respiratory 


Oct. Nov. 

22 23 24 25 26 27 28 29 30 3t 1 2 3 4 5 6 7 8 9 



Chart 1. Clinical course of the human disease. 

rate dimi n ished to six a minute; he became quite cyanotic, and was put into a 
respirator. About 75 minutes later he had a convulsion, with apparently larj-ngeal 
spasm, and lost consciousness. Pulmonary edema developed, the frothy fluid 
being pumped out through the mouth and nose. Despite partial aspiration of the 
fluid, and the application of supportive measures, he lived onlv 5 more hours 
(Chart 1.) 
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Rcsiills of Clinical Laboratory Procedures 


(ii) Lt'uci'cylc Counts . — 
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mm 

12 

6 

5 


Lvmphocvlcs, per cent 

mm 

26 

25 

13 

16 

Kosinophilcs, per cent 

m 

2 

i 

0 
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(/)) Blood Cultures. — UIoocl cultures were taken on Nov, 4, 5, and S; aerobic 
and anaerobic cultures were made and media suitable for growth of spirochetes 
were used. All were negative. 

(c) Lesions on Fiiificrs. — Direct smear revealed only a few cocci and many pus 
cells; dark-field examination ^YAS negative. Swab cultures yielded Staphylococcus 
albus (predominating) and Streptococcus hcmotyticus. 

(d) Spinal Fluid. — Cultures sterile; other findings already recorded. 

(c) Animal Inoculations. — Two mice, two rats, two guinea pigs, and two rabbits 
were injected intrajieritoncally with blood. One Macacus rhesus monkey was 
inoculated with the exudate from the lesion on the fingers (about 0.05 cc.) into 
the testicle, with 1 cc. of the spinal fluid intracercbrally and 0.5 cc. subcutaneously, 
and with 10 cc. of blood intraperitoncally. No significant results were obtained. 

Abstract of Pathological Findings 

Nccrops\’ was performed by Tliomas A. Gonzales, Deputy Chief Medical 
Examiner of New York City. Very few gross pathologic changes were found. In 
the left axilla there were several solitar}' enlarged lymph nodes the substance of 
which was moderately hemorrhagic. The spleen was rather soft in consistenc}'; 
the pulp was deep red and the follicles were somewhat prominent. Ihe urinar}' 
bladder extended midwaj’ to the umbilicus. The cortical convolutions of the 
brain appeared flattened. On section, the brain and the cord in the cervical, 
thoracic, and lumbar regions showed no gross lesions except that the cord was 
somewhat edematous. 

The histological picture of the midccrvical and upper dorsal regions of the spinal 
cord was that of an acute transverse myelitis. An inflammatory exudate of 
mononuclear cells, mostly perivascular, was present in the white matter as well 
as in the gra}'' matter of tlie cord. The severest reaction in the gray matter ap- 
peared to be in the middle part and the base of the posterior horns. In tlie white 
matter of the cord there was a good microglial reaction but only a few of these cells 
had reached the stage of compound granular corpuscles. Sections stained for 
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neurogUa showed no proliferation of the astrocj'tes. Sections stained for myelin 
showed no tract degeneration in the spinal cord, nor any areas of periv-ascular 
dcmyelinization in the central ner\’ous sj-stem. The medulla showed a marked 
inflammatorj’ exudate, particularly severe in the floor of the fourth ventricle; 
this exudate was not mononuclear but rather predominantly poUanorphonudear 
with many large groups of cells suggesting abscess formation. The pons, the 
basal ganglia, internal capsule, and uncinate gxTUS showed marked perivascular 
infiltration, mostly with round cdls. The frontal lobe showed some small but 
quite definite hemorrhagic foci just beneath the surface. There was a mononuclear 
exudate about many of the vessels of the pia. The left brachial plexus showed no 
evidence of an inflammatory exudate nor of any myelin degeneration. (Figs. 1 
and 2.) 

Significant microscopic changes were observed also in the regional Ij-mph nodes, 
the spleen, and the adrenals. Examination of the regional Ij-mph nodes (left 
axilla) showed intense hj'peremia and focal areas of hemorrhage. Beneath the 
capsule and for a short distance within the substance of the node, small fod of 
necrosis were seen. (Fig. 3.) Numerous sections stained by Twort, Gram- 
Weigert, and Ziehl-Nielsen methods, revealed no organisms. The spleen showed 
hyperemia and a few areas of necrosis similar to those seen in the Ij-mph nodes. 
Sections through both adrenals revealed the presence of several large confluent 
necrotic areas, similar to those found in the h-mph nodes and spleen. Those in 
the adrenals, however, were surrounded by a moderate number of leucoc>i;es; 
bacterial stains revealed no organisms.* (Fig. 4.) 

Clinical and Pathological Manifeslalio7ts 

Clinically there presented itself at the site of the monkey bites a 
mild and relatively insignificant cellulitis of the fingers which was 
followed by a mild regional lymphangitis and Ijunphadenitis. 13 
days after the bite and 10 days after the first signs of local inflamma- 
tion, there appeared the typical picture of a transverse myelitis which 
ascended and resulted in death from respiratory paralysis within 4 
days. Clinically there were practically no manifestations pointing 
to an involvement of the brain. The pathological changes in the 
central nerx^ous system were diffuse but most marked in the meduUa 
and spinal cord. The predominance of mononuclear cells in the 
exudate, the perivascular round cell infiltration, and the other changes 

* The authors are indebted to Dr. Thomas A. Gonzales for the report on the 
gross patholog>’, to Dr. Lewis Stevenson for the report on the microscopic path- 
ology of the nervous sj-stem, and to Dr. Irving Graef for that of the rmcroscopic 
patholog>’ of the other organs. 
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wliicli were clescribecl, are palliological findings wliicli arc considered 
characteristic of virus diseases of the central nervous system in general, 
yet not characteristic of any virus disease in particular. It is only 
from the distribution of the patliologic process that one can perhaps 
CAxlude acute anterior jxiliomyelitis on a histopathologic basis alone; 
the absence of perivascular demyelinizalion which characterizes the 
so called acute disseminated encephalomyelitis, or postinfcctious 
cncciihalomyelitis would serve to exclude this condition as well. The 
absence of any pathologic reaction in the regional bracliial plexus, 
whicli would indicate the passage or the presence of the infectious 
agent, may have some bearing on the determination of the portal of 
entry of the infectious agent into the central neiA’ous system and the 
pathogenesis of the disease. It becomes extremely important tlicre- 
forc to take note of the focal areas of necrosis which were observed 
in the regional lymph nodes, the spleen, and the adrenals. For the 
possibility, and forthcoming evidence, that these were caused by the 
same virus as that which injured the central nervous system, may 
not only eluddatc the pathogenesis of tin's disease, but also serve to 
amalgamate these various organic changes into one patliological, and 
perhaps clinical, entity. 

ISOLATION or THE INTECTIOUS AGENT AND REPRODUCTION OF THE 

DISEASE IN ANIMALS 

The material available for study consisted of pieces of brain, 
medulla, spinal cord, spleen, and regional Ijmiph node which were 
obtained at necropsy 5 hours after dcatli and preserved in 50 per cent 
glycerine. Although tlie microscopic patliology of tlie organs was 
unlcnown at tlie time tliis study was begun, tlie sterility of the blood 
and spinal fluid cultures taken during life, suggested the possibility 
tliat the causative agent belonged to tlie group of filtrable viruses. 
Since only a limited number of animals was available, portions of 
tlie brain, medulla, and spinal cord were pooled into one mixture 
and for most experiments the spleen and regional lymph node into 
another. 10 per cent emulsions of tliese pooled mixtures were pre- 
pared in tlie usual manner. Otlier emulsions prepared for different 
tests from tissue wliicli had been in glycerine for periods varying 
from a few days to several weeks, proved unsterile on culture; direct 
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smear of Uic emulsions revealed no organisms but cultures on agar 
and broUi, or incubation of the saline emulsion itself, invariably 
resulted in an almost pure groB’tli of Gram-negative bacilli. Studies 
of these bacilli indicated tliat tliey belonged to the colon group. 
Macacus rhesus monkeys, dogs, guinea pigs, mice, and rabbits were 
injected with the emulsions by various routes. 

Transmission Expcrimcnls on Macacus rhesus Monkeys 

Brain and Cord. — Monkey A received 2 cc. intracerebrally and 20 cc. intra- 
peritoneally of a freshly prepared 10 per cent emulsion of the brain and cord. 
Daily ob3er\-ations on the condition and temperature of the monkey revealed no 
abnormal changes. The monkey died on the 11th day after injection. Post- 
mortem examination of the brain and cord as well as of the other organs revealed no 
significant findings; the histologic sections were unsatisfactory. Cultures taken 
from the brain, cord, heart’s blood, and peritoneum were sterile. The brain and 
cord of this monkey were preserved in gh'cerine, and 8 da}'s later a saline emulsion 
was prepared from them and another Macacus rhesus monkey B was inoculated 
intracerebrally and intraperitoneall}’; this monkej' had fever on the 4th and 5th 
da3-s after injection, transitory slight tremors, but remained in good condition 
over a period of 2 months’ observation. In view of the fact that the results from 
Monkej' A were inconclusive, another Macacus rhesus monkej' C was inoculated 
intracerebrally and intraperitoneaUy nath a freshlj’ prepared emulsion of glj'cerin- 
ated tissue of the original brain and cord. WTien Monkey C showed neither 
fever nor anj' other abnormal signs for 3 weeks, it was reinoculated intracerebrally 
and intraperitoneaUy with another freshly prepared emulsion of the original brain 
and cord. This monkey remained well for 2 months after the last injection. 

Spleen and Regional Lymph Node. — ^Monkey D was inoculated intracerebraUy 
(2 cc.) and intraperitoneaUy (20 cc.) with a freshly prepared 10 per cent emulsion 
of the glj'cerinated spleen and regional Ijanph node; when after 2 weeks it faUed 
to show either fever or abnormal signs, it was reinoculated in the same manner 
with another freshly prepared emulsion. Monkej' D remained weU. 

From these tests it appears extremely unlikely that either the 
brain and cord or the spleen and regional lymph node contained any 
agent capable of inciting a spedfic disease in the Macacus rhesus 
monkey. 


Experiments on Mice, Guinea Pigs, and Dogs 

Mice, guinea pigs, and dogs were injected intraiJeritoneaUj' and intracerebraUj' 
with emulsions of the original brain and cord, as weU as of the spleen and Ijanph 
node. No evidence of a virus disease was eUdted in anj’ of these animals, but 
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tlicy succumbed (o an infcclion with a Oram-ncKativc bacillus present in the 
patient’s organs, and the disease thus produced in no way resembled that from 
wliicli llie patient died. 'I'lie organism was a member of the colon group, ns 
already mentioned, and tests with it in jnirc culture showed it to be extremely 
vinilenl for mice, guinea pigs, and dogs. The bacteriological .studies during life 
as well as the histopathologieal changes which were present in the patient’s organs, 
leave little doubt that this organism was a postmortem contaminant. 


Eypcrimculs on Rabbits 

'i'hc transmission experiments on rabl)ils were carried out in much 
the same manner as for the other animals with the exception that the 
spleen and regional lymjih node material were used separately. 

Braiv. and Cord . — As indicated in Table I, of two rabbits (Nos. R o-51 and R 
3-52) which were injected intraccrebrally with 0.5 cc. of the emulsion, one survived 
and the other died on the 3rd day. There were no suggestive signs before death; 
the postmortem cultures from the brain and heart’s blood were sterile; the brain 
and cervical cord were somewhat congested. 0.5 cc. of a 10 per cent emulsion of 
the glyccrinatcd brain ami cord of the dead rabbit (No. R 3-53) was injected intra- 
ccrcbrally into another rabbit (No. R 3-6-1). Rabbit R 3-64 had e.xcessivc saliva- 
tion on the 5th, 6th, and 7th days after injection but showed no other signs sugges- 
tive of encephalitis; 1 month after injection, this rabbit was retested with active 
virus. The results will be given elsewhere under the discussion of abortive infec- 
tions and active immunity. 

The one rabbit (No. R 11-SS), injected intraperitoneally only, with 10 cc. of 
the original brain and cord emulsion, survived without signs. However, both 
rabbits (Nos. R 1 1-89 and R 3-53) which were injected intraccrebrally as well as 
intrapcritoncall}’ died on the 5th day, again with sterile heart’s blood and brain 
cultures, and also without any suggestive antemortem signs. As a result of later 
observations it is not improbable that these rabbits may have had antemortem 
convulsions but since the interval between the onset of these signs and death may 
be very short, these might not have been noticed. The brain and cord of eacli 
dead rabbit were gljxerinatcd separately, and new rabbits were injected intra- 
cerebrally with fresh emulsions prepared from them. As shown in Table I both 
died — one on the 3rd day and one (No. R 3-65) on the 5th daj'. Rabbit R 3-65 was 
seen before death, and convulsions as well as excessive salivation were observed. 
The postmortem cultures of the heart’s blood and brains of these rabbits were 
again sterile. 

It seemed evident that the brains and cords of tlie rabbits that died 
as result of inoculation contained some virus wliich ■was capable of 
inducing an encephalitis and of being transmitted in series. The 
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question arose now whether or not it would be possible to reproduce 
the disease under investigation, by introducing the virus in a focus 
outside the central ner\'ous system. 

The glyccrinatcd brain and cord of No. R 3-65 were used in these tests. Two 
rabbits (Nos. R 3-70 and R 3-71) were injected intracutaneously with a fresh 10 
per cent emukion, one rabbit (No. R 3-73) intraperitoneally, one (No. R 3-74) 


TABLE I 

Transmission Experiments in Rabbits scith Human Brain and Cord 
Brain and Cord Emulsion 


1 

R 11-S8 

1 

R 11-89 

1 

R3-53 

1 

R3-52 

R3-51 

10 cc. ip. 

10 cc. ip. 

4 cc. ip. 

0.5 cc. ic. 

0.5 cc. ic. 


0.5 cc. ic. 

0.5 cc. ic. 



S 

D5 

1 

D5 

I 

D3 

1 

S 


R 11-90 

1 

R3-65 

1 

R3-64 



0.5 cc. ic. 

0.5 cc. ic. 

0.5 cc. ic. 



D3 

D 5 — encephalitis 

Salivation; S 


1 

R3-70 

1 

R3-71 

1 

R3-73 

1 

R3-74 

1 . 

R 3-75 

0.4 cc. intracut. 

0.4 cc. intracut. 

0.5 cc. ip. 

0.5 cc, it. 

0.5 cc. ic. 

Paralysis — 6th 

Paraij'sis — Gth 

Paralysis-^ th 

Orchitis — 3rd 

Con\'ul5ions3nd 

day 

day 

day 

day 

salivation — ^2nd 




Paralysis — ^7th 
day 

day 

D8 

D7 

Dll 

D9 

D3 


In Tables I and 11, ip. indicates intraperitoneal; ic., intracerebral; it., intra- 
testicular; intracut., intracutaneous; D 5, dead on 5th day after injection; S, 
survived. 


intratesticularly, and still another (No. R 3-75) intracerebrally. The rabbit in- 
jected intracerebrally developed convubions 2 daj-s later and died on the 3rd day. 
All the other rabbits, however, developed paralj’sis of the posterior extremities 
after a definite incubation jjeriod as indicated in Table I; thk paralj-sis progressed 
more or less rapidly to involve the anterior extremities, the rabbits d>ing of 
respirator>' failure without convukions and with salivation occurring only imme- 
diately before death or not at all. A more detailed description of the course of 
events will be given in another part of this paper. The resembance of the course 
of this disease in rabbits to that which was observed in the patient was most 
remarkable. 



TABLK JI 


Trausmissioii Tixpcrimcnts iti Rahbils -vilh Human Spleen 
spleen limuhion 


R 11-87 R3-r>0 

f) cr. ip. 4 cc. ip. 

0.5 cc. ic. 

Paresis -j- trcniors-.lrd-l llh (i.sy.s 
Prostrntc 12lh day 

D13 

I 

U 3-07 
0.5 cc. ic. 

0.25 cc. intracut. 

Convulsions .and s.alivation — S d.iys 
D6 


1 

R 3-70 

0.4 cc. inlracul. 
Paralysis — 5tli day 

R .1-/ / 

0.4 cc, intracut. 
Paraly.sis — 6th d.ay 

R .1-83 

0,4 cc, intracut. 
(Rnnilsion — 1 nio. old) 
P.aral^’.sis — 6th day 

1 

R 3-72 

0.5 cc. ic. 

D7 

D7 

1 

R3.79 

0.4 cc. intracut. 
Paralysis — Sth d.ay 

D7 

D3 


D9 

1 



1 

R3-S0 

0.4 cc. intracut. 
(Supernatant liquid) 
Par.al 3 ’sis — 10th d.aj’ 

R3-62 

0.4 cc. intracut. 
(Supernatant liquid) 
Paral^-sis — lOlh d.ay 

1 

R 3-S5 

0.4 cc. intracut. 
(Rcrkefcld V filtrate) 
Paralysis — 16th d.ay 

1 

R3-S6 

0,5 cc. ic. 

(Bcrkcfcld V filtrate) 
Encephalitis — 1th 
day’ 

D 11 

D 11 

R .3-99 

0.2 cc. intracut. 

0.5 cc. it. 

Paralysis — Sth day 
Sacrificed 

1 

D 17 

D 5 


R3-94 

R3-97 

0.2 cc. intracut. 

0.2 cc. intracut. 

Par.alysis — 9th day 

Panalysis — Sth day 

D 10 

D 10 

I 

R9-01 

0.4 cc. intracut. 
Paralysis — 6tli day 

D6 

1 

R9-02 

0.2 cc. intracut. 
Paralysis — Sth day 
Sacrificed — Sth day 

( 

R9-03 


0.2 cc. intracut. 
Pnmlvsis — 6th dav 
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Spleen— Table II reveals that the transmission experiments with 
the original spleen emulsion yielded a virus which behaved in predsely 
the same manner as that which was shoum to be present in the original 
brain and cord. It udll again be noted that in the first passage intra- 
peritoneal injection alone failed to give results whereas the combined 
intracerebral and intraperitoneal injection resulted in a take which 
permitted of ready subsequent transmission. 

The first passage rabbit (No. R 3-60) manifested no characteristic signs and 
lived for 13 days; the second passage rabbit (No. R 3-67), however, injected with 
the brain and cord of No. R 3-60, developed tj-pical signs of encephalitis on the 5th 
day and died on the 6th. The postmortem smears and cultiu-es of the heart’s 
blood and brains of these rabbits were sterile. The intracutaneous injection of a 
10 per cent emulsion of this brain and cord (No. R 3-67) resulted in the tj’pical 
development of first, paralj'sis of the posterior extremities with rapid progression 
cephalad and death by respiratory paralysis, without convulsions and little or no 
salivation. The brains and cords of these rabbits were again capable of reproduc- 
ing this disease in precisely the same manner when injected intracutaneously. 

By these experiments a virus, trmsmissible in series, was shown to 
be present in the human spleen, as well as in the brain and cord, 
and capable of indudng a disease in rabbits, clinically similar to the 
human disease. This virus has undergone fifteen serial passages now, 
and from the second passage onward has behaved like a fixed virus. 

Regional Lymph Node . — ^The attempt to isolate a virus from the small piece of 
the regional lymph node which was available proved unsuccessful. One rabbit 
injected intracerebrally with the emulsion died on the 6th day without any signs 
other than diarrhea. The postmortem cultures were sterile, but another rabbit 
injected with an emulsion of its brain and cord survived 1 month without any 
signs. 


Nature of the Virus 

For the purpose of reference in subsequent discussions, the virus 
isolated from spleen, brain, and cord of the human case, will be called 
the B virus. 

(a) Disease Produced in Rabbits Follermyig the Introduction of the B 
Virus by Various Routes 

Intracerebral Route.— The course of the experimental rabbit disease following the 
introduction of the virus directly into the brain difiered considerably from that 
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which followed its inoculation into foci outside the central nen'ous svstem. Dur- 
ing the first 48 hours after the intracerebral injection of 0.5 cc, of a 10 percent 
fresh emulsion of glycerinatcd brain and cord, the rabbit appears entirely normal 
and the temperature shows no abnormal variation; within the ne.^t 12 to 24 hours 
the temperature may or may not rise and in rajiid succession there appear general- 
ized convulsions, increased salivation, and death. 

Iv.traciilaiu'ous Route . — The routine procedure consisted of injecting 0.2 cc. of 
the 10 per cent brain and cord emulsion into two places (0.4 cc. altogether) on one 

•f 



Chart 2. Temperature of rabbit injected intracutancously with B virus. 

side of the abdomen or back from which the hair was clipped. There was almost 
no skin reaction in the first 24 hours. Within the ne.xt 24 hours erytlieniatous 
papules var 3 dng from 1 to 2 cm. in diameter appeared at the site of inoculation. 
The following daj'’ there was usuallj'^ some hemorrhagic necrosis in the center of 
the papule which became more marked for another daj' and then proceeded to heal. 
About the 6th day after injection there was usuallj' a rise in temperature (not 
always observed, however) and paral 3 'sis of one or both of the posterior extremities 
appeared. The side which was paralyzed first bore no relationship to the side 
receiving the intracutancous injections. Within 12 to 24 hours the parab'sis 
usually progressed cephalad to involve the fore limbs. The rabbit either died 
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v,-ithin 24 hours of the onset of paralysis or lingered on in a prostrate condition 
with slow, gasping respirations (sometimes only once or twice a minute) for an- 
other 24 hours; but thus far, not a single rabbit which developed paralysis has 
survived. Witli one exception of uncertain nature, the paralj-sis which followed 
the intracutaneous injection of the virus was always flaccid and was not associated 
with convulsions. In some of the rabbits there was twitching of the facial muscles 
or convulsive movements of the head and slight salivation just before death; and 
in some a relax;ation of the sphincters with almost continuous dribbling of urine 
was associated witli the paralysis. In view of the fact that postmortem examina- 
tions revealed a markedly distended urinary bladder in most rabbits, it is higlily 
probable that the dribbling of urine may be due to a relaxation of the sphincter 
secondarj* to urinary' retention. (Chart 2.) 

The resemblance of the disease produced in rabbits to that observed 
in the human case is most striking. A local, relatively insignificant, 
cutaneous lesion is followed after an interval by flaccid paralysis of 
the hind limbs associated apparently with urinary retention, and there 
is a cephalad progression of the process and death by respiratory 
failure. 

Inlratcsiicidar Route . — The course of the disease which followed the 
intratesticular injection of the B virus can be best illustrated by a 
protocol. 

Prolocol oj Rabbit R 3-74. — Inoculation; 0.5 cc. of 10 per cent emulsion of rabbit 
brain and cord (2nd generation passage virus) into left testicle. 

Jan. 21, 1933. 103.5°F. Just before injection. 

Jan. 22. 102.2°F. No apparent reaction. 

Jan. 23. 103.0°F. No apparent reaction. 

Jan. 24. 106.3°F. Marked swelling of left testicle. 

Jan. 25. 103.2°F. Brawny induration of left testicle. 

Jan. 26. 105.2°F. Testicle very- hard and brawny’; about three times natural 
size, 

Jan. 27. 105.0°F. Same. 

Jan. 28. 104.1°F. 2 p.m. Diminution in size of swollen testicle. Tremors 
and partial paralysis of right posterior extremity. 11 p.m. Complete flaccid 
paralysis of both posterior extremities; partial paraly'sis of right anterior ex- 
tremity; cannot get up; no salivation. 

Jan. 29. 95.6‘T'. 1:30 p.m. Condition same; paralysis definitely flaccid. 
Loss of sphincter control — feces and urine dripping continually. No salivation; 
slight retraction of head. 

Jan. 30. Temperature unobtainable. Prostrate; gasping for air — only occa- 
sional breath. Lived on thus aU day; slight salivation towards end. Died at 
night. 
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It will be seen from llic jirolocol that (he intralcsticular injection 
of tlie virus resulted in an orchitis associated with fever on the 3rd day, 
and tlie development of ty]ncal flaccid ])aralysis on (he 7th day. 
Although the virus was injected into the left testicle, it was the right 
hind limb which was [laralyzcd first. An ascending myelitis, rather 
than an cncejihalitis, invariabl}’ followed the inlralesticular injection 
of the ]J virus. 

Itilrapcrilonral Koutr. — I'or 8 days folIowInR (he intrapcritoncal injection of 
0.5 cc. of the .s.aine vines cnuitsion into a ralibit no abnormal changes either in 
tlic Icnipcraturo or phy.<ical status could be nbscn’ed. On tlie 9th day there was 
a rise in temperature and in tlie evening of that day partial paralysis of both 
posterior c.xtremities was present. On the lOth d;iy the temperature had dropped 
to a subnormal level, and (here was complete paralysis of the posterior c.xtrcmitics 
and loss of sjihincter control ([rostmortem c.'camination revealed a markedly dis- 
tended urinary bladder); there was no salivation. Death occurred on the Hth 
day with evidence of antemortem salivation. 

Conical Route . — .All attempts to implant the vims on the cornea of rabbits 
proved unsuccessful. ICnuilsions of the original brain and cord (human) were 
used as well as passage vims. There was neither local keratitis nor any de- 
monstrable systemic invasion. It will perhaps be interesting to note here that 
whereas intracutaneous injection of (he vims always caused the disease, there was 
no apparent reaction to vims introduced on the scarified skin. All the rabbits 
which were used for the corneal imjdantation tests were subsequently proved to 
be susceptible to the virus. 

(h) Pathology of the Experimental Disease 

The gross pathology of all the dead rabbits was recorded as routine and 
in a few selected instances the microscopic pathology was studied. Necropsy on 
tweh'c rabbits which died following intracerebral inoculation of the virus showed 
no obvious gross pathological .change other than slight to moderate congestion 
of the brain and the cervical portion of the spinal cord. In contrast to the find- 
ings in the rabbits which died following intracutaneous injection of the \'irus, 
no lesions were discernible in any of the abdominal viscera. The rabbits wliicli 
were injected intracutancously, intraperitoneally, and intratesticularlj’’ showed, 
in addition to the congestion of the spinal cord and brain, the following grossl}' 
apparent changes in the abdominal viscera. The spleen was enlarged to twice or 
three times its usual size in almost every case; in many instances, grayish white 
spots, about 1 to 2 mm. in diameter, were seen just beneath the aipsule and on 
section in the central portion of the parenchyma. In a few rabbits there was a 
congestion and mottling of the adrenals visible in the gross, and lesions were 
found with the microscope in other adrenals that appeared normal. The liver, 
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in many instances, showed the same grajnsh Avhite spots that were obser\'cd in 
the spleen. In approximately 50 per cent of the rabbits the urinar}’ bladder 
was found to be markedly distended. No pathologic changes were observed in the 
heart, lungs, and kidnc\'s. 

The evaluation of the microscopic changes produced b}’ the virus in the central 
nervous system of rabbits, proved to be difficult on account of the frequency with 
which lesions characteristic of Enccphalitozoon cumeuli were encountered. The 
brains and cords of three rabbits which died following intracutaneous injection 
of the virus showed no Enccphalitozoon cuniculi lesions; in these there was no 
perivascular cellular infiltration but instead a pericellular and perivascular edema 
of the tj-pe which Brown and Symmers (2) described in certain human cases which 
they called acute serous encephalitis. There was no meningeal reaction. The 
most prominent change was present in the spinal cord and consisted of neuronic 
damage as evidenced by varj-ing degrees of necrosis, hj-perchromia, vacuolization, 
nuclear degeneration, and by a sh’ght, rather diffuse infiltration with mononuclear 
cells. Definite characteristic inclusion bodies of the tj'pe observed in the other 
organs were not encountered, but various tj-pes of intranuclear bodies were seen 
in the large cells of the anterior and lateral horns. Stains for myelin revealed no 
foci of demyelinization. The paucity of microscopic lesions may perhaps be 
explained by the fact that only 24 to 48 hours intervened between the onset of 
neurologic signs and death. (Figs. 5 to 7.) 

Striking microscopic changes were observ'cd in the skin, adrenals, spleen, liver, 
and injected testicle. Sections through the skin lesion (at the site of inoculation), 
stained with hematoxj-lin and eosin, showed extensive necrosis of the cutis and 
subcutaneous tissue with a moderate infiltration of poljTnorphonuclear and mono- 
nuclear cells. One Giemsa-stained section of a skin lesion (tissue obtained after 
death) showed tj'pical eosinophilic intranuclear inclusion bodies in the epithelial 
cells at the periphery of the lesion (Fig. 13). One of the skin lesions was excised 
48 hours after injection of the virus; careful search of the Giemsa-stained section 
failed to reveal any inclusion bodies although definite necrosis was present. 
Characteristic areas of necrosis of varying size were found in all the adrenals ex- 
mined except those obtained from a rabbit which was injected with the virus 
mtracerebraUy. The areas of necrosis were found chiefly in the cortex and were 
not surrounded by a zone of cellular infiltration (Fig. 8). Examination of 
Giemsa-stained sections revealed man}’ tj-pical eosinophilic intranuclear inclusion 
bodies in the cortical cells surrounding the necrotic zones (Fig. 9). The spleen 
showed focal necrosis with a few intranuclear inclusion bodies in endothelial cells 
(Fig. 12). The liver similarly showed numerous foci of necrosis (Fig. 10); 
eosmophilic intranuclear inclusion bodies were found in liver cells and although 
more numerous than in the spleen, they were not as abundant as in the adrenals 
(Fig. 11). The injected testicle showed widespread necrosis and cellular infil- 
tration but insufficient work was done on the demonstration of inclusion bodies. 
The intranuclear inclusion bodies which were observed in the organs mentioned 
differed in no way from those described for herpes, varicella. Virus HI disease, or 
sahvarj' gland disease of guinea pigs. 



130 


ISOI.ATIOK or VIRUS RKl'ROnirriKO MYF.I.ITIS 


The chief iwlhologic innnifesfntioiis of tlic experimental virus 
disease in rabbits present many features in common with those in the 
human disease. 'Die occurrence of focal necrosis in the adrenals 
and spleen in addition to central nervous system involvement is a 
striking feature in both. But although the visceral lesions resemble 
each other strongly, the pathologic, picture in the central ncr\-ous 
system is not precisely the .•eime. However, the difTcrence of species 
or the shorter duration of the e.vperimental disease may perhaps be 
re.sj^onsible. In experimental poliomyelitis in the monkey, the nnero- 
scojiic pathology may vary with the virulence of the vines — the more 
virulent virus producing a less intense inflammatory reaction and a 
more rajrid death. 


(c) FiUrahilily of the B Virus 

Although the failure to demonstrate any microscopically visible 
organisms cither directly or on ordinary culture media in the tissues 
and fluids of rabbits dying from the c.xperimcntal disease, and tlie 
successful transmission of the disease in scries, togcUier with the pro- 
duction of typical intranuclear inclusion bodies, left little doubt tliat 
the causative agent can be grouped with the so called filtrable ^^ruses, 
it was nevertheless important to determine its fdtrability. 

Some of the “fiUrablc viruses” p.ass through the ordinary bacteriological filters 
\\ith great difliculty or not at all. Ward and Tang (3) demonstrated that by 
emulsifying herpes vims in broth instead of saline, the virus could be recovered 
consistently from a Ilerkefeld V filtrate. TIic emulsions for the present tests 
were prepared in broth of pH 7.6. Two sets of tests were performed: one with 
a Seitz filter and the other with a new Bcrkcfcld V candle, using negative pressure 
in each case. The period of filtration with the Seitz filter was 3 minutes, and with 
the Berkefcld V candle, 40 seconds; the broth emulsion was centrifuged at high 
speed and the supernatant liquid was used for filtration as well as for the control 
inoculations. 

The results of tlie tests are shotvn in Table HI. The rabbit in- 
jected intra cerebrally witli tlie Seitz filtrate failed to develop any signs. 
The filtrate from tlie Berkefeld V candle, however, produced the 
typical experimental disease, both on intracutaneous and intracerebral 
inoculation. The increased incubation period, hotvever, suggested 
tliat there was less virus in the filtrate than in tlie highly centrifuged 
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filtrate showed no growtli on ordinary culture media; the same candle 


TABLE in 

Fillrabilily of B Virus 


^{aterbI tested 

Tj-pc of filter 

Rabbit 

No. 

^ Route of 
inoculation 

Dose 

Results 

3rd generation 

UnCltcrcd 

R3-79 

Intracutaneous 

cc. 

0.4 

Skin lesion — 48 hrs.; 

passage virus. 

superua- 




paralj’sis — Sth dajq 

10 per cent 
emulsion of 

tant liquid 




dead — 9th day 

brain and cord 

Seitz 

R3-78 

Intracutancous 

0.4 

No skin lesion or pa- 

in broth 





ralysis; died — 12th 
day of intercurrent 
infection 


Seitz 

R3-S0 

Intracerebral 

0.5 

Excessive salivation 






and spasticity — I2th, 
13th, and 14th daj’s; 
recovered; reinocu- 
lated 33 da>-s after 






injection 

4th generation 

Unfiltcred 

R3-80 

Intracutancous 

0.4 

Practically no skin le- 

passage ^drus. 

supema- 




sion ; paral>’sis — 10 th 

15 per cent 
emulsion of 

tant liquid 




day; dead — 11th day 

brain and cord | 

Unfiltered 

R3-62 

Intracutaneous 

0.4 

Skin lesion — 6th day; 

(No. R3-79) in 

supema- 




fever and increase 

broth 

tant liquid 




in skin lesion — 7th, 
Sth, and 9th days; 
paralj’sis — 10th daj-; 
dead — 11th day 


New Berke- 

R3-85 

Intracutancous 

0.4 

No skin lesion; paral- 


feld V 




j’sis — 15th daj’; dead 
— 16th day 


New Berke- 

R3-S6 

Intracerebral 

0.5 

Fever, paresis and com- 


feld V 




plete paralysis of left 
anterior extremity — 
4th dajq salivation 
and death — ^5th day 


was used subsequently for the filtration of pneumococcus broth 
cultures and 3 delded sterile filtrates. 
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(</) ‘'Viahiltly'' of Saline Suspt 'lisiom: of the Virus 

Since most, viruses deteriorate rather rapidly \vlu;n not {ireserved 
in glycerine or hy other dehyrlrating procedures, it is important to 
record tlie fact lliat a 10 jier cent saline emulsion of a tliird generation 
passage virus (rahhit brain and cord) jiroduced the typical disease 
upon intraculaneous injection just as well and with the same incuba- 
tion period after the emulsion had been in the ice clicst at 5°C. for 
1 month, as it did wlien fresldy prepared, 'i'liis test was originally 
lierformcd with the idea that the virus might be sufliciently attenuated 
by this jirocedure to permit its use in immunity exiicriments. 

(c) Ahorthr Infections and Aethr I inn: unity 

It is characteristic of most virus fliseases that one attack, abortive 
or otherwise, imparts immunity to the surviving animal. The study 
of the immune phenomena with the II virus was important not only 
for itself but as an aid to establi.shing its identity and relationship 
to other known viruses. 

Two rabbits had what may perhaps be called abortive attacks. One (No. 
R .vSO) was injected intraccrcbrally with a Seitz filtrate of an active virus emulsion 
and developed only spasticit>’ and excessive salivation on the 12th, 13th, and 
14th days but recovered completely; but upon reinoculation intracutaneously 
with active virus 33 days after the first injection, it developed typical paralysis 
and death occurred even though no skin lesion resulted at the site of inoculation. 
The other (No. R 3-64) was injected intracerebrally with a brain and cord emulsion 
of first passage vims (No. R 3-52) which produced only excessive salivation on 
the 5th, 6th, and 7th daj-s; but 1 month after the first injection it was reinoculated 
intracerebrallj'^ with active virus, developed typical signs of encephalitis, and died. 
Another rabbit which after scarification of the cornea had vims introduced into 
the conjunctival sac on several occasions and failed to develop keratitis, suc- 
cumbed in a tj'pical manner after intraculaneous injection of active \'irus. Rabbit 
R 3-51 which failed to develop any signs after the intracerebral injection of the 
original (human) brain and cord, later succumbed typically to tlie intracutaneous 
injection of active virus. 

In appraising tliese results it must be remembered tliat not a single 
rabbit which developed tlie typical experimental disease survived. 
More work will be necessary witli graded doses of virus in tlie attempt 
to produce non-fatal attacks as well as in the testing for acquired 
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resistance, before any definite statement can be made about the 
development of immunity. 

Rdalion of the B Virus to the Kiioicii Viruses 

During tlie course of the present stud}’- the question naturally 
arose as to whctlier the B virus was a strain of an already known \’irus 
or whether it had not hitherto been described. The fact that the 
original material failed to take in Macacus rhesus monkeys and dogs 
whereas a characteristic disease was reproduced in rabbits, would 
seem to exclude the \nruses of poliomyelitis and rabies as we know 
them. They can also be excluded by the t}’pe of inclusion body 
which the B virus induced and the absence of Negri bodies in its case. 
The necrotic lesions which were found in the adrenals in the present 
study are very like the lesions in the adrenals produced e.xperimentally 
by the \’iruses of vaccinia (4) and herpes (5). The t}’pical intranuclear 
inclusion body produced by the B -virus as well as the absence of the 
Guamieri bodies of vaccinia, would appear to limit the knowTi possibili- 
ties to those viruses which give rise to the same tj’pe of inclusion body; 
i.c., herpes, varicella. Virus III disease of rabbits, salivary gland disease 
of guinea pigs, and so called -visceral disease (6). Of this group of 
\’iruses only two need be considered; namely. Virus m disease (a 
spontaneous disease of rabbits) and herpes. Although Virus III 
must be considered and guarded against whenever the experimental 
reproduction of any disease is attempted in rabbits, the circumstances 
under which the B \nrus was isolated, the regularity -with which the 
human organs repeatedly infected rabbits from difiFerent sources, 
the striking similarity of the experimental and human disease, as weU 
as the dissirmlarity -with that which Virus III is known to induce, aH 
point against its identity with the B x-irus. The exclusion of Virus HI 
disease leaves only the -virus of herpes for consideration. Certain 
strains of herpes encephalitis -virus resemble the B -virus in the follow- 
ing respects: (a) localization in the central nervous system follo-sving 
intracutaneous injection, (6) morphologically similar necrotic lesions 
in the adrenals follo-v.Tng intracutaneous injection, and (c) similar 
mtranuclear inclusion bodies. There are almost as many differences 
between the two, however: (o) although the herpes -virus may produce 
myelitis when injected into zones supplied by nerves which enter the 
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s])iiuil cord (/), it jiroduci's nn (’iicc'plinlilis pritiiRrily vhcn injected 
intralcsticularly (7-9), whereas the H virus invariably attacks the 
sj)inal cord first, as evidenced by the flaccid paralysis of tlic posterior 
extremities and urinary retention, with cephalad pro/^ression of the 
lesion and death liy respirator}’ failure, (l>) to cause focal necrosis of 
the spleen and liver a direct injection of herpes virus must be made 
into these organs (7), whereas these lesions are a part of the systemic 
disease following the intracutaneous injection of the B virus, (c) in 
the jiresent study it has been impossible to produce keratitis with 
the B virus. 'J he final determination of the identity or distinctness 
of tlic two viruses must di.'pend upon cross-immunity tests. Un- 
fortunately, no rabbits have? recovered from infection with the B virus 
thus far nor has an immune rabbit been secured bv any method 
attempted. Attempts to immunize rabbits to intracerebral inocula- 
tions with virulent herpes virus in order to test them for immunity 
to the B virus have been unsucce.ssful. However, it would appear 
that the B virus possesses certain characteristic proj)ertics which 
justify its consideration as a distinct entity .- 

SU.MMARY 

A case of acute ascending myelitis whicli followed the bite of an 
apparently normal Macociis rhesus monkey is described. The clinical 
course as well as the pathological changes has been studied and found 
to be suggestive of a virus cause for the disease. Tlie absence of 
perivascular dcmyelinization removes the case from the realm of acute 
disseminated encephalomyelitis and establishes it more or less 
definitely as a primary acute infectious myelitis. An extremely 
important feature of the pathological picture of this disease has been 
the presence of focal necrosis in the viscera (spleen, adrenals, regional 
lymph nodes). 

Attempts to transmit the disease to Macacus rhesus monkeys, dogs, 
mice, and guinea pigs, employing glycerinatcd organs from the human 

* Through Dr. Josephine B. Neal, Dr. Gay and Dr. Holden obtained from us 
some brain and cord from the human case. In a preliminary paper (Proc. Soc. 
Exp. Biol, and Med., 1933, 30, 1051, Case 4) they report the demonstration of a 
virus having the properties of our B virus as here described and state their belief 
on experimental evidence that this virus is identical with the herpes virus. 
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The nulliors are indebted to Dr. Lewis Stevenson for the pliotograplis shown 
in Figs. 1 and 2. 

Fio. .3. Human axillary lymph nodes showing focal necrosis. Hematoxylin 
and eosin. X 135. 

I'lG. •!. Human adrenal showing large necrotic area surrounded by zone of 
cellular infdtralion. Hematoxylin and eosin. X 135. 

PivVTj; 14 

Fir.. 5. Spinal cord of rabbit injected with 11 virus intracutancously; large 
ganglion cell showing vacuoliration, beginning ncuronophagocytosis, and nuclear 
degeneration. Hematoxylin and eosin. X 1,160. 

Fig. 6. Same as Fig. 5. Zenker fixation and Oicmsa stain. Arrow points to 
dark red intranuclear body (not a typical inclusion body). X 1,160. 

Fig. 7. Same as I'ig. 5. Note inv.ision of gray matter by mononuclear cells 
and anterior horn cells in various stages of necrosis. Hcmatoxviin and eosin. 
X 145. 

Fig. S. .Adrenal of rabbit injected with 11 virus intracutaneously; note large 
area of necrosis. Hematoxylin and eosin. X 145. 

rLVTi: 15 

Fig. 9. Same as Fig. 8. Zenker fixation and Giemsa stain. Zone surround- 
ing area of necrosis in adrenal; arrows point to nuclei containing eosinophilic 
inclusion bodies. X 1,210. 

Fig. 10. Liver of rabbit, injected intracutancously with B virus, showing 
fooil necrosis. Hematoxylin and eosin. X 150. 

Fig. 11. Same as Fig. 10. Arrow points to nucleus of liver cell containing 
eosinophilic inclusion body. Hematoxylin and eosin. X 1,210. 

Fig. 12. Spleen of rabbit injected with B virus intracutancously; note focal 
necrosis. Giemsa. X 600. 

Fig. 13. Section of rabbit skin at site of inoculation with B virus; Zenker fi.xa- 
lion and Giemsa stain. Almost all the epithelial cells in this zone contain eosino- 
philic intranuclear inclusions. X 1,210. 
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It is a ^vell established fact that the strains of Mexican typhus 
wWch have been established in laboratory animals dunng recent 
Zrs differ in several points from all the well studied strams of Old 
World typhus, in spite of complete cross-immunity betn^een the two 

kinds oUtrains. Regular scrotal swelling ™ ^ 

ous rickettsiae in the tunica vaginalis, and a febnle often fatal is^se 
Trats wiUa numerous rickettsiae in the t^^ca, 
suains clearly from OM World ^“- 0* 0^ 

nroduce saotal lesions only rarely, me icbiun , 

rickettsiae can be found in the animals only with great difficiffty and 
very irregularly. In rats they are said to cause inapparent infections 
oiS. Since our Mexican strains isolated m previous years from man 
show all the characteristics of strains obtamed from^d rats m natoe, 
we call them murine strains, whether they have been iso ated from 
rats or from man. Recently we were able to isolate from a long s and- 
ing epidemic of typhus several strains which co^espond dosely to 
stmins of Old World typhus. We caU them epidemic strains Ve 
avoid the word endemic for those strains which cause scrotal lesions 
in guinea pigs and fever in rats for two reasons; first, we were abk 
to isolate from short Uved, rapidly checked epidemics m Mexico City 
only strains which are in every respect identical with strams obtamed 
from isolated endemic cases and from rats “ 

isolated cases in Europe only tjTical strams of Old World or epidemic 
typhus have been reported so far. The findmg of typical epidemic 
strains in Mexico where previously only murine strains have been 
isolated by us, seems to be in agreement with die h>T)olhesis of 
Nicolle that there must exist in Mexico two varieties of typhus, the 
Mexican variety of murine origin and the historic (1) louse-borne 
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typhus imported from abroad. We, Imwcvcr, arc of llic opinion 
that tlic murine strains represent the original fonn of the virus, 
wlicrcas llie epidemic strains arc the product of a secondary adapta- 
tion by a long standing transmission in the cycle man-lousc-man. 
I lie transformation of murine strains into epidemic strains is not 
amenable to an e.\perimental demonstration, 'i'hc reverse, however, 
namely the transformation of epidemic non-orchitic strains into strains 
which .show the murine characteristics, can be tried in the laboratory'. 
'I'hc present jiaper deals with experiments which show that the prop- 
erties which characterize the murine strains are contained in latent 
form in the epidemic strains, and that by proper handling the original 
murine traits become clearly’ manifest in the epidemic strains. 

Material ami Methods 

The murine strains do not require any' description on this occasion. 
They’ have been described in earlier papers (2) and are entirely 
identical with strains of endemic ty’phus in the southern United States, 
with strains isolated from rats and rat fleas by’ Dy’cr and his asso- 
ciates (3), from rats and rat fleas in France, Greece, and Sy’ria (4), 
and with strains of so called Macliurian typhus (5). Our epidemic 
strains, however, deserve a detailed description because tlicy’ are the 
first non-ordiitic strains of ty’phus whicli we were able to establish 
in Mexico. 

In 1932 an epidemic of typhus started among an Indian tribe in the State of 
Oaxaca. Tliis epidemic spread slowlj' northwards among the native population 
along their paths of trade. In February, 1933, when the epidemic had assumed 
alarming proportions among the Mixtcc Indians in the Sierra of Oaxaca and in 
several large Aztec Indian settlings in the adjoining parts of the State of Puebla, 
we decided to visit these regions with the aim of isolating virus strains from a long 
standing, serious epidemic. We were especially interested in finding out whether 
strains from such a long standing epidemic in Me.xico corresponded to the murine 
type of the virus as did those isolated from short lived, rapidly checked epidemics 
in the capital, or whether they corresponded experimentally to strains of historic 
(1) Old World typhus. The conditions we met there were tj’pical of epidemic 
t 3 ’phus. The Indians were covered with head and body lice and in many huts 
we found two to four patients ill with severe tj^hus. In others we found one or 
several acutely ill, with other members of the family Ij’ing around as convalescents. 
Many of them were mourning one or several members. 

Five strains of virus were established; one from the blood of a patient in Chila, 
three from blood of various patients in Zinacatepec, and one from lice collected 
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from a patient on tlie 10th day of the disease also in Zinacatepcc, in the State of 
Puebla. WTiitc rats, as well as guinea pigs, \s-cre used for isolating the strains. 
Each material was inoculated into two or three rats, and into two or three guinea 
pigs. The superiority of the rat was revealed by the fact that of the four blood 
strains obtained, all four were established from rats and only one in addition from 
guinea pigs. The louse strain was obtained both from guinea pigs and rats. In 
all, blood samples from sLv patients in the 1st week of illness were inoculated into 
the animals, gi%’ing a positive take in rats of 66.66 per cent of the cases, and a 
positive take in guinea pigs of 16.6 per cent. 15 days after inoculation, the rats 
which had not shown any sign of illness during that time were killed, and the 
strains established in guinea pigs by inoculation of brain emulsions. The louse 
strain showed scrotal swelling in guinea pigs in the first three transfers, with rick- 
ettsiae in the tunica. Then the phenomenon disappeared for several months 
entirely, but recently has been appearing again in an occasional transfer guinea 
pig. On no occasion was the lesion so pronounced as we are accustomed to find 
in our previously isolated murine strains. Blood Strain 2 showed a transient 
scrotal reaction in the first passage in guinea pigs, and since Februaiy, 1933, this 
sj-mptom has appeared twice again. The other three blood strains never pro- 
duced the slightest scrotal involvement. In guinea pigs all five strains caused 
high continuous fever of from 8 to 9 days’ duration, after an incubation period 
lasting from 7 to 8 days. 

Histological e.tamination of the brains revealed nodular lesions with great 
regularity. In rats the two strains which caused occasional scrotal involvements 
in guinea pigs produced frequently a mild short fever without any other clinical 
sjTnptoms; whereas the three other strains ran in rats a purely inapparent course, 
and correspond therefore exactly to strains of historic Old World t>-phus in respect 
to their experimental behavior. No rickettsiae could be found in rats inoculated 
with these strains. All five strains, however, as could be e.xpected, showed com- 
plete cross-i mmuni ty to our murine strains, and rat to rat transmission was easily 
accomplished with Xenopsylla chcopis. 

The experiments were carried out wnth these five epidemic strains. 
The method employed for their transformation is based on the fol- 
lowing observations. 

In examining sections of lice and fleas infected with the virus of tj-phus, it is 
observed that Rickettsia prowazeki, the causative agent, multiplies only within the 
epithelial cells of the mid-gut; i.e., in cells which come in frequent contact with 
fresh blood. Never has there been observed in insects the shghtest invasion of 
the muscular apparatuses, the genital organs, the fatty tissue, nor of the salivary 
glands. Only in fleas the lower parts of the Malphigian tubules near their union 
with the gut are frequently found to be invaded by Rickettsia proicazeki. A\Tien 
guinea pigs and rats are inoculated subcutaneouslj-, Rickettsia prawazeki develops 
in the endothelial cells of the blood vessels only. Absolutely never does it invade 
cells which lie beyond the endothelial lining of a blood vesseL WTien animalc are 
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inoculated intraperiloneally with a murine strain, liickrilsin prmvazcki multiplies 
alnindantly williin the endothelial cells of the tunica vaginalis. Examination of 
guinea pigs killed during the incubation i)crio(l revealed that infected endothelial 
cells of the tunica vaginalis arc found only where the scro.sa covers supcrfically 
situated blood vessels, especially along tho.se vessels which are situated in the 
groove separating the fatty bwly from the testicle proper. Such places seem to 
constitute the primary site of multiplication of Kirkettsia prenvazeki in the tunica 
vaginalis. When a guinea pig with a fully developed scrotal reaction is killed, 
the infected scro.sa cells are found to be distributed over the entire tunica vaginalis. 
At that time the scrotal sac is found to be filled with coagulated blood or plasma. 

It seems evident from tlie.se observations that in the mammal, as 
well as in the insect, Richettsia prp-u'azcki is in some way dependent 
for its intracellular development on the presence of fresh blood whidi 
has to come in close contact with the susceptible cells. Why tlie 
rickettsiac of Old World typhus and of our recently established 
epidemic I^Iexican strains show so little tendency to grow in the 
processus vaginalis of guinea pigs and especially of rats where the 
rickettsiac of tlic murine ^•aricty multipl}' so abundantly, is a problem 
yet to be solved. A working liypotlicsis was, however, conceived 
whicli seems to have brought us a step forward in Uie understanding 
of the conditions involved. Since in murine strains scrotal lesions in 
guinea pigs occur regularly, whereas tlie}’’ arc tlic exception in epi- 
demic strains, we thought tliat tlic rickettsiac of tlie murine strains 
were less hemophilic tlian tlic rickettsiac of tlie epidemic strains, 
being able to multiply in tlic processus vaginalis when a transudation 
of a small quantity of blood or plasma occurs tlirough the super- 
ficially situated blood vessels on account of intraperitoneal inoculation 
of foreign material. The ensuing specific inflammation on the sites 
of the primary multiplication of Rickettsia prowazeki along the super- 
ficially situated blood vessels causes a more or less abundant exudation 
of plasma whicli collects in tlie scrotal sac and creates favorable con- 
ditions for tlie spreading of the organism over the entire endothelial 
lining of the processus vaginalis. For tlie rickettsiae of the epidemic 
strains, which apparently are mucli more hemophilic than those of 
the endemic strains, the conditions for growth in tlie peritoneal cavity 
are not favorable. To be able to multiply within tlie endothelial 
cells they seem to need a steady and abundant supply of fresh blood, 
a condition present only in blood vessels. Witli this idea in mind, 
we decided to inject daily fresh blood into the peritoneal cavity of 
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guinea pigs and rats prcviousl}' inoculated by the same route with 
tlie \-irus of tlie non-orcliitic epidemic strains. Fresh guinea pig 
blood, whole or defibrinated, was used in nearly all of the e.xperiments. 
Since in the endemic strains multiplication of rickettsiae takes place 
almost e.xclusively in the tunica of guinea pigs and rats, we included 
an endemic strain in our experiments in order to find out whether this 
method produced in rats a general infection of the endothelial lining 
of the peritoneal ca\’ity. Full grorni white rats were used in all 
experiments. 

Expcrimcnls with a Murine Strain 

Two rats were inoculated intrai>eritoneally with tunica and testicular washings 
from a guinea pig kiUed when scrotal swelling was at its height. Immediately 
after and from then on every morning the rats received 3 cc. of whole guinea 
pig blood intraperitoneaUy. A control rat received the same amount of blood 
every day. WTien the inoculated rats looked very ill they were killed and smears 
made from the visceral and parietal peritoneum. Both rats showed an e.xtensive 
invasion of the peritoneal cells with Rkkellsia prowazeki. The majority of the 
cells were found to be crowded full with organisms and very numerous extra- 
cellular rickettsiae were spilled from disintegrated cells. Protocol 1 illustrates 
the course of fever in these animals. 


Experiment I. Protocol 1 



Rat 1 9 

Rat 2 9 

Control 9 


"C. 

"C. 

•c. 

July 15 

B37.2 

B 37.3 

B37.1 

inoculated 




July 16 

B 37.1 

B 37.3 

B 37.4 

July 17 

B37.4 

B 37.5 

B 37.3 

July 18 

B38.2 

B38.1 

B 37.5 

July 19 

B3S.2 

38.3 

B 37.4 

July 20 

B 38.1 

Looks ill, killed. Rickett- 

B37.6 


ill, killed. Rickettsiae 

siae d — 1 — ) — k. Spleen very 



-kJ-H — k. Spleen very 

large. A large amount 



large. Much brownish 

of brownish smeary exu- 



exudate in peritoneum. 

date covering peritoneum. 



Few coagula 

Few coagula 



± = Very few infected cells, 
-k = Few infected cells. 


+ + = About 10 per cent cells infected. 

+ + H- = Between 20 to 50 per cent cells infected. 
+ + "^ + = The majority of cells infected. 

B = Blood injection. 






convi;ksion or typhus strains 

This cxi)crimcnt. was remarkable inasmuch as it was conducted 
with females in which rickettsiae can as a rule i)e found only with 
clifliculty. In no instance did we see such large numbers of rickett- 
siac in the peritoneal cavity of rats which had been inoculated directly 
from a guinea pig. Only x-ray-trcalcd rats may show such a hea\y 
infection of the jieritoncal cavity (6), J'rnm the peritoneal exudate 
of Kat 1 three new rats were inoculated. 'J'wo of them received a 
daily blood injection; the third served as an infected control without 
blood. 


Exfimmcul II. Prolpcol 2 



Kal -1 Cl'' 

R.M S 9 

R.V 6 o’ 


•c. 

*(.•. 

•c. 

July 20 
inocul.ntccl 

1157.2 

1157.2 

57.5 

July 21 

11 57. -1 

1157.1 

.57.2 

July 22 

1157..1 

11 .57.5 

37.3 

July 2.t 


11.58.5 

.58.4 

July 2.1 

II 58.5 

11 .58.6 

.58 

July 25 

H 58.2 

11 .58.5 

.58.1 

July 20 

11 .18 

i Died in the evening. 

56.2 

July 27 

11 57 

KickcUsiae, perito- 

Dying. KickcUsiae, 


l.ook.s very ill, killed. 

ncum + ++. 

tunica +. Rickett* 


KickcUsiae, tunica d- 
KickcUsiac, i)eri(o- 
ncum ++. Spleen 
very large. A good 
deal of c.xudatc 

Spleen very large 

siac, peritoneum ±. 
Spleen very large 


Two more transfers were made from rat to rat witli and witliout 
additional blood injections. In both instances the rats died between 
the end of the 3rd and the end of the 4tli day witli heav)’’ rickettsiae 
infection of the peritoneal cavity. Although in tlie animals injected 
with blood considerably more rickettsiae were found, in the animals 
not injected with blood the infection had also spread over tlie entire 
peritoneal cavity in the last transfer. 

Experiments with the Epidemic Strains of Mexican T yphus 

A. Epidemic Blood Strain I.— Experiments were carried out first 
with a strain which, since its isolation, had never shown tlie slightest 
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scrotal involvement in guinea pigs, nor had frequent examinations of 
tlie tunics of transfer animals ever sho\vn any rickettsiae. This strain 
constantly showed numerous typical brain lesions in guinea pigs. In 
rats it caused an inapparent infection only -w'hen brain of transfer 
guinea pigs was inoculated, and on no occasion did we find rickettsiae 
in such rats. 

A transfer guinea pig received a dailj' blood inoculation intraperitoneally. On 
the 7th day this animal showed fever and a tj'pical scrotal swelling was observed, 
for the first time in this strain, nnth very numerous rickettsiae in the tunica. 
Tunica and testicular washings from thb animal were inoculated into two white 
rats followed by a daily injection of 3 cc. of guinea pig blood. Two male guinea 
pigs were also inoculated with the same material without consecutive blood in- 
jection. Both guinea pigs ran a tj'pical non-orchitic course characteristic of this 
strain. Protocol 3 shows the course of infection in two rats. 


Expcrimeul III. Protocol 3 



Rat 7 o' 

Rats 9 


•c. 

•c. 

July 18 
inoculated 

B37.3 

B37.2 

July 19 

B37.3 

B37.4 

July 20 

B 37.7 

B 37.8 

July 21 

B37.3 

B37.6 

July 22 

B38.6 

B 39 

July 23 

38.8 

B 38.5 


Sicki killed. Rickettsiae, tunica 

Looked sick in the evening, killed. 


H — 1 — 1 — k. Rickettsiae, perito- 

Rickettsiae, peritoneum 


neum -j--}— 1 — [-. Spleen very 
large 

++++ 


From Rat 7 three male guinea pigs were inoculated intraperitoneallj' with 
peritoneal exudate, and two m ale rats with the same material. The latter re- 
ceived a dailj' guinea pig blood injection, whereas the guinea pigs did not receive 
anj' blood. AU three guinea pigs reacted with fever after an incubation period 
of 3 daj-s only, and in all of them a tj-pical scrotal lesion appeared between the 4th 
and 5th daj'. Protocol 4 illustrates the course of the disease in these two rats 
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Prolorol •} 


i 

i:.it 0 

f;.-)! in a' 

1 

July 23 

•i.'. 

H 37.3 

V. 

11.17.-1 

inocukitctl 



July 2 } 

H 37.-1 

11 37.5 

July 25 

1137.5 

1137.6 

July 26 

11 38 

11 38. 1 

July 27 

36.2 

11 .38 

Julv 28 

Very ill, l.illvd. Kiclu'tlr-iat', tunic.v 

11 36 


Kirkoltsi.no, peritoneum 

Looked ill tlmt morning. Found 


-b-i-J--}-. I'.xlreim-ly numerous 

de.id in the evening. Sjilccn 


e.xlr.ncellul.ir ricketl.si.ie, giving 

very korge. \'erj' numerous 


the imiiresr-ion of .n culture. 

badly st.aining rickcttsi.ie in 


Spleen very l.irgc 

tunica nnd peritoneum 


From Rat 9 three male guinea jiigs and two female rats were inoculated and the 
rats treated with daily blood injections. 'J'he three guinea i>igs developed fever 
after an incubation period of days only, and typical scrotal involvement ap- 
peared in all of them. The rats showed fever on the 3rd day and were moribund 
on the dth with heavy rickettsiae infection of tunica and peritoneum. 

After a few more transfers through rats, the strain, wliidi previously 
had caused only inapiiarent infection in rats, killed them now regularly 
between the 4th and 5th day, with or without the application of 
blood. In this strain also repeated transfers from rat to rat caused 
a diffuse invasion of the peritoneal cavit}'’ witli rickettsiae even when 
no blood was injected, but a lieav}’’ infection could as a rule be found 
in those animals only in the tunica; w’hcrcas in tlie blood-treated 
animals a heavy rickettsiae infection was found over tlie whole 
peritoneal cavity. 

The e.vperiments with this typical non-orchitic epidemic strain 
demonstrated clearly that by the blood method tlie strain assumed 
cliaracteristics found hitherto only in endemic murine strains; f.c., 
scrotal lesions in guinea pigs and a fatal course of disease in rats, 
with numerous rickettsiae in the peritoneal cavity. 

B. Epidemic Louse Stram.—Thc same procedure was followed 
with this strain as that whidi was applied to the epidemic blood 
Strain 1; namely, inoculating a transfer guinea pig with a daily dose 
of blood. No scrotal lesion appeared, but the tunica was found to 
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be edematous and hemorrhagic on the 1st day of fever although no 
rickettsiae could be found. Tunica emulsion and testicular washings 
from this animal were inoculated into rats, followed by a daily dose 
of 5 cc. of blood. One rat died on the 6th day from peritonitis. Two 
others had fever on the Sth and 9th days; blood injection was dis- 
continued on the 9th. The next day when the rats were very ill they 
were killed, and mrmerous rickettsiae were found in the tunica and in 
the peritoneum. From one of these animals transfers were made to 
other rats and the strain then became highly \drulent following the 
third transfer, with enormous munbers of rickettsiae in the blood- 
treated animals. In guinea pigs inoculated with peritoneal exudate 
of such rats, scrotal lesions appeared with great regularity; but when 
transfers were made then from guinea pig to guinea pig, the strain 
rapidly reverted to its non-orchitic original course. 

C. Blood Strains 2, 3, and 4. — Strains 2 and 3 could also be adapted 
to rats with the blood method. A highly fatal disease resulted in 
these animals, with the same enormous invasion of the peritoneal 
ca^dty by rickettsiae. The inoculation from such rats into guinea 
pigs regularly caused a scrotal involvement, but on further transfers 
from guinea pig to guinea pig the strains rapidly reverted to their 
original non-orchitic course. Both these strains were adapted to rats 
by inoculation of guinea pig brain followed by blood injections, in- 
stead of using tunica as was done in the previous experiments. The 
epidemic blood Strain 4 behaved differently from the other epidemic 
strains inasmuch as we have not yet been able to convert it. On no 
occasion did it cause fever in rats and only exceptionally coidd a few 
rickettsiae-infected cells be found in the peritoneal ca\dty of animals 
infected with this strain. 

Experiments -with NicolWs African Strain of Historic Typhus 

This well known strain which we owe to the courtesy of Professor 
Charles Nicolle, of Tunis, has been kept in our laboratory since 
July, 1931. In transfer guinea pigs this strain causes as a rule only 
a rare and transitional scrotal reaction. Occasional!}^, however, a 
lesion may be observed which looks exactly like that obser\^ed in our 
murine strains. MTien transfers into rats are performed and brains 
of such rats inoculated back into guinea pigs, scrotal lesions may 
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appear in nearly 50 per cent of these animals; hut on further transfers 
from guinea pig to guinea pig the lesion becomes rare again. When 
brain of guinea pigs infected with this strain is inoculated into rats, 
no fever is observed and no rickettsiae can be found in the peritoneal 
cavity, '.rhc disease remains entirely inapjiarent. When, however, 
tunica e.xudatc from a guinea pig with scrotal involvement is inocu- 
lated into rats, a short fever may be observed occasionally, and rickett- 
siac, although as a rule not numerous, are found in the tunica of sucli 
rats. It is this strain which Professor Nicollc has compared with 
one of our Mc.xican rat strains, coming to the conclusion that the 
two types of strains behave entirely differently in rats (1), He admits 
for his strain only a purely inapparent infection in rats as he docs for 
all Old World strains. That this is not entircl}'^ the ease we have 
already demonstrated (7). On no occasion, however, had we ob- 
served in this strain previous to the present c.vpcrimcnts a serious 
course of the disease in rats even when they liad been inoculated 
with a large amount of tunica from an occasional orchitic guinea pig. 
Another difference between the murine strain and the Tunisian strain 
to which Nicollc gi\'cs mudi importance is liis observation tliat while 
the Mexican murine strain can be carried indefinitely in transfers 
from rat to rat, the Tunisian strain breaks off sooner or later in sucli 
rat transfers. Nine successive transfers in rats were the longest scries 
that he was able to obtain (S). Since Nicollc’s strain is one of the 
best studied Old World viruses, we tliought that it would be of 
particular significance if we succeeded in transforming tliis strain 
into a strain highly patliogcnic for rats witli tlie cliaracteristics of our 
Mexican murine strain. 

Two separate strains of Nicolle’s vims which assumed murine characteristics 
with our blood method were established. One strain was started from the tunica 
of a guinea pig with scrotal involvement, and the otlicr from the brain of a guinea 
pig without scrotal involvement. The guinea pig from which the first strain was 
started had been inoculated with brain of a rat and was then injected daily with 
5 cc. of guinea pig blood. On the 7th day, when the guinea pig showed a sug- 
gestive scrotal lesion, it was killed and the tunica in which few rickettsiae were 
found was inoculated into rats. These rats received a daily dose of o cc. defi- 
brinated guinea pig blood. The rats did not show any signs of illness, but when 
killed on the 5th day typical infected endothelial cells were found in the tunics. 
By further transfers from rat to rat using tunics and 3 cc. of guinea pig blood, 
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tj^pical fever curves appeared in the rats, and in the animals of the third transfer 
enormous numbers of rickettsiae-infected cells n’ere observ'ed in the tunica smears. 
In the general peritoneal cavdtj', however, they were scarce or absent. We in- 
creased, therefore, the daily blood dose to S cc. of whole blood everj' day in the 
succeeding transfers. Most of the rats so treated now died around the 5th day, 
n-ith a general heavj' rickettsia infection of the whole peritoneal cavity. 

Infections were as severe as those found in our Mexican strains, 
and frequently almost 100 per cent of endothelial cells were fotmd 
to be crowded full of rickettsiae. Inoculation from such hea^^ly 
infected rats into guinea pigs caused pronounced scrotal swelling in 
the great majority of them, and in rats it caused a serious fatal disease, 
often without fever. After several transfers with the blood method, 
the strain became so virulent that an additional injection of blood 
was no longer necessary. Some rats showed paralysis of the hind 
legs shortly before death, and extensive specific lesions were found in 
the medulla oblongata of these rats. The second strain which be- 
haved entirely analogously was obtained by inoculating brain and 
blood of a guinea pig into several rats and then making transfers with 
the blood method from rat to rat. 

Protocols 5 and 6 give the coinse of rats of the sixth and seventh 
transfers of NicoUe’s strain. 


Protocol 5 



Rat. 132 o’ 

Rat 133 o' 

Rat 134 t? 


'C. 

°C. 

•c. 

Aug. 21 

Inoculated 

Inoculated 

Inoculated 

Aug. 22 

37.3 

B37.2 

B 37.4 

Aug. 23 

37.3 

B37.4 

B 37.3 

Aug. 24 

36.6. HI 

B38.5 

B 36.8. Looks ill 

Aug. 25 

36.4 

36.3 

36.5 


Hind legs paralj’zed, 
killed 

Looked ill during a.m. 

Very ill, killed 

Aug. 26 

Spleen enlarged. Rick- 

Found dead in eve- 

Spleen very large. 


ettsiae, tunica -f-J-. 

ning. Spleen very 

Rickettsiae, tunica 


Rickettsiae, perito- 

large. Rickettsiae, 

+• k- 1 — k- Rickett- 

1 

1 

neum ± 

tunica J— {-. Rick- 

ettsiae, peritoneum 
+++-}- 

siae, peritoneum 

-k-k+-k 
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Protocol a 



Ral l.U o' 


Rut 130 a" 


'C. 

'C 

’C. 

Aur. 23 

Inocul.'\lc<! 

Inocul.'itcd 

Non-infcctcd blood con- 
trol 

Aur. 2 } 

n 37.3 

n.37.2 

H 37.3 

Aur. 2.S 

H 37.2 

B.37.1 

B37.1 

Aur. 2ft 

1139.2 

U .3.S..'; 

11.37.3 

Aur. 27 

I! 3S.2 
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In guinea pigs the inoculation of peritoneal exudate of such rats 
regularly produced scrotal lesions as already mentioned. Witli tlie 
ackUlvon of blood the scrotal lesion appeared in nine successive guinea 
pig transfers. In guinea pigs not inoculated with blood, tlie strain 
reverted rapidly to its original non-orchitic course. The strain was 
kept in rats through fifteen successive transfers when the experiment 
was discontinued on account of lack of rats. No diminution of viru- 
lence was observed in the fifteenth transfer, as three of the four rats 
of tlie last transfer died at tlie end of tlie 5th day. The fourth rat 
recovered in spite of a severe paralysis of tlie hind legs. 

The Result of Prolonged Transfers in Rats of the Adapted Epidemic 

Strains 

\^T;iereas tlie adapted epidemic strains reverted rapidly to their 
original non-orchitic course when put back into guinea pigs after only 
a few transfers in rats, they assumed definite murine cliaracteristics 
after prolonged transfers in rats. The inoculation of tliese strains 
back into guinea pigs from rats now regularly caused a scrotal lesion 
which did not disappear on further transfers in guinea pigs, and also 
in rats they now behaved constantly like our murine strains even 
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when brain of guinea pigs was inoculated. The same observation in 
respect to rats was made with the strain of Nicolle, although this 
strain ran a non-orchitic course in guinea pigs in most of the animals. 

The Staining of Rickettsiae in Smears from Rats and Guinea Pigs 

The best results are invariably obtained with Giemsa’s stain. This method, 
however, has the disadvantage that on prolonged staining which is frequently 
necessary, very numerous reddish staining cellular debris are stained which makes 
the observation of extracellular rickettsiae difficult and sometimes impossible. 
Somewhat less of these debris are seen when the smears after fixation with methyl 
alcohol are treated during 5 minutes with ether, and then are washed again with 
methyl alcohol. Careful difierentiadon with alcohol-xj'lol as recommended by 
Nigg and Landsteiner (9) frequently gives good results. Castaneda’s method (10), 
as well as Lepine’s modification of it (11), demonstrate the intracellular rickettsiae 
very well as a rule, when a good brand of methylene blue or azure II is used. The 
extracellular rickettsiae, however, frequently stain very poorly with this method. 
Lepine’s original method (12) does not stain rickettsiae at aU. In rats which 
were examined many hours after death, rickettsiae as a rule stained very poorl}- 
and most of the endothelial cells were found to be autolyzed. This poor staining 
was as a rule accompanied by clumpingof the intracellular rickettsiae into red gran- 
ular massessimulatingmclusionbodiesinvirusdiseases. Also the extracellular rick- 
ettsiae examined many hours after the death of the rats were recognized only with 
difficulty becaxise their form was ill defined and they stained much redder than 
usual. 


DISCUSSION 

The finding of epidemic strains of typhus in Mexico which corre- 
spond experimentally to strains of historic Old World typhus seems 
to support the ideas of those who hold that there exist two varieties 
of typhus in Mexico: one, the New World type derived from the rat 
reservoir in nature, and the other, the historic Old World, purely 
louse-borne type, imported from abroad. This h)rpothesis has indeed 
been advanced recently by Nicolle (1). His main reason for not 
accepting the hypothesis that Old World tj'phus may also be originally 
derived from rats is the following: (1) typhus existed in Europe be- 
fore the continent had been invaded by rats; (2) the murine type of 
virus can be differentiated clearly from historic typhus by the different 
reactions which it induces in laboratory animals, especially in rats. 
Now it has been shown beyond doubt that the murine type of virus 
can be transmitted by the human louse (13) and that the virus of 
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epidemic Old World typluis can be transmitted experimentally from 
rat to rat by the rat Ilea (7). Moreover, from short rapidly checked 
epidemics of typhus in Mexico {'ity we were never able to obtain 
strains which did not corrcsiwnd entirely to the murine type of virus. 
The same type of virus was obtained constantly from isolated cases 
during interejiidemic periods and from wild rats in nature (14). 
There cannot exist, therefore, the slightest doubt that the murine 
vims actually does cause epidemics, and we were able to show that 
the virus isolated from the brains of wild rats multiplies abundantly 
in the human louse (15). We have, then, this situation in Mexico; 
from rats, from endemic cases of typhus, and from cases during short 
epidemics, murine strains only could be isolated; whereas from a long 
standing serious epidemic, strains were obtained which correspond 
to strains of historic Old World typhus. But not all of our epidemic 
strains agree completely with Nicolle’s strain of Old World typhus. 
WHiereas two of them cause a mild but typical fever in rats, three of 
them induce only inapparent infections in that species. Immunologi- 
cally however all of them arc identical. Non-orchitic strains of typhus 
have, without doubt, been isolated previou.sly, all of them in times 
of long standing serious epidemic, by Gavino and Girard (16), Anderson 
and Goldberger (17), and Olitsky, Denzer, and Husk (IS). It was in 
Mexico, indeed, that the work of Nicolle and his collaborators on 
the infection of the guinea pig with typhus was first confirmed, and 
it is not conceivable that the conspicuous scrotal reaction cliaracter- 
istic of all murine strains should liave escaped the observation of so 
many investigators. 

The finding, during a serious epidemic of typhus, of epidemic strains 
whicli correspond exactly to strains of historic Old World t3’^phus and 
of strains whicli experimentally lie between typical epidemic strains 
and ordiitic murine strains is in our opinion of great significance. 
After long series of transfers in rats with our blood metliod, all these 
epidemic strains, including tliat of Nicolle, with one exception as- 
sumed tlic typical murine cliaracteristics. In later transfers the 
addition of blood was not necessary to cause a serious disease in rats 
with plentiful rickettsiae in the peritoneal cavity. This abundant 
multiplication of rickettsiae in rats is absolutely cliaracteristic of all 
strains of the murine type, and the transformation of the non-orcliitic 
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epidemic strains into strains of high virulence for rats shows clearly 
that there does not exist any fundamental difference between the two 
types of strains. Wffien the epidemic strains were put back in guinea 
pigs, after only a few passages in rats, they invariably reverted to the 
non-orchitic form. WTien, however, these strams were kept in long 
series of rat transfers, they were found to have become definitely 
murine. Only Nicolle’s strain could not be kept definitely orchitic 
in guinea pigs after long rat transfers, although it showed a definite 
and apparent!}’’ permanent reversion to the murine type inasmuch as 
it is now highly virulent for rats, a property which Nicolle (1) con- 
siders to be the only valuable characteristic in differentiating historic 
Old World t}T)hus from the murine New World typhus. But even 
before the epidemic non-orchitic strains had been adapted fully to 
rats, their murine traits could be occasionally elicited. WTien brain 
of a guinea pig of such a strain is inoculated into rats, a purely map- 
parent infection follows, ^^^len, however, timica of an animal with 
an occasional scrotal swelling is inoculated into rats, a fever of short 
duration appears frequently. Since scrotal swelling in Old World 
strains had not been observed before one of us had published his 
results with Mexican typhus (2, 3) the conclusions of European in- 
vestigators were based on inoculations with brain emulsions. Now 
it is a well established fact that a scrotal involvement is accompanied 
by an enormous accumulation of the virus of t}>phus in the tunica 
vaginalis. It is e^^dent, therefore, that fever or no fever in rats de- 
pends entirely on the doses of \Trus inoculated and so cannot be a 
specific sign for differentiating strams of the murine type from strains 
of historic typhus. 

Our hypothesis that the rat is the natural original carrier of the virus 
of typhus, murine and epidemic, seems to be well supported by the 
result of our experiments. We consider the epidemic variety to be 
the product of a long standing propagation of the murine type in the 
cycle man-louse-man; and it is thus not astonishing, and in complete 
agreement -with our hypothesis, that the rat is the proper experimental 
animal for reverting epidemic strains into murine strains. The mech- 
anism which causes the reversion of epidemic strains to the murine 
type of strains n e consider to be the result of progressive selection 
during the transfers from rat to rat. All epidemic strains contain the 
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nuiriiic properties in a latent fonn, hccause scrotal lesions in guinc<a 
pigs show ujr occasionally in them, and the injection of tunica emulsion 
from such orchitic animals may cause fever in rats and rickcttsiac 
in the tunica. J his we take to mean that epidemic strains contain 
in small number individual rickettsiae having the properties of murine 
strains. J hese arc iiulividuals endowed with rcce.ssivc properties. 
Jn transfers from rat to rat with the blood method, these recessive 
individuals of rickettsiae become more aiul more numerous by pro- 
gressive select ioi\ until the strain has reverted to murine. In guinea 
pig transfers, the individuals with murine properties may become sup- 
pressed again, and the strain then reverts to its epidemic form. That 
the murine strains coiUain an epidemic comix^nent of rickettsiae is evi- 
dent from the observation which we liave frequciUly made in past years 
that such strains may suddenly become non-orchitic for many genera- 
tions. Ii\ one of our rat strains the orcln'tic component was lost nearly 
completely by prolonged transfers in guinea pigs. Inoculation of brain 
emulsions from sucli non-ordiitic guinea pigs only rarely caused fever in 
rats, but transfers from rat to rat restored to the strain its original ordii- 
tic properties. Here again we see tlic ability of the rat to restore the 
murine qualities of Uic strain whidi had been lost in long transfers 
tlirough guinea pigs, an animal whidi naturally is not a host of tlie 
typhus virus. A phenomenon is therefore obscrs'cd in guinea pigs 
similar to that which can be observed during times of epidemic in 
Mexico. In long transfers tlirough an unnatural host, in this case 
man, the original murine components are suppressed. One of our 
epidemic strains, in which tlie murine qualities could not be restored, 
seems to have lost its murine components altogether. 

On various occasions one of tlie writers has pronounced tlie opinion 
that tlie human louse cannot be tlie natural vector of typhus, and 
man tlierefore is not tlie natural host. The louse is in tlie biological 
sense so little adapted to RicketUia prowazeki that it succumbs in- 
variably to tlie infection witliin a relatively short time. In hot 
weather an infected louse survives but a few da3'^s, whereas the rat 
flea as sllo^^^l by Dyer and liis assodates (19) and b}’’ ^looser and 
Castaneda (20) remains definitely infected without apparent harm. 
This we take as definite evidence tliat tlie human louse has appeared 
on the scene of typhus relatively late and that it has not yet had 
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time to become a highly adapted biological vector. That Old World 
typhus can be transmitted indefinitely at least in cold coimtries by 
the hmnan louse we are not in a position to question. WTiat we do 
question seriously, however, is the opinion of European workers that 
this is the only means by which historic typhus is preserv^ed. On 
several occasions we tried to infect lice on very mild cases of Me.rican 
typhus -n-ithout the slightest success. No lice became infected. The 
number of infected lice is in our experience in direct relation to the 
severity of a case of typhus. There is little chance for lice to become 
infected on cases -which run a mild short fever, which can be diagnosed 
as typhus only -with the help of the Weil-Felix reaction, and there can 
be no doubt that inapparent human infections are even less liable to 
infect lice. On account of these experimental results we question 
the great importance which Old World investigators give to inap- 
parent infections as a reser\"oir of the -rirus during long interepidemic 
periods. There is in addition no reason to beheve that during long 
interepidemic periods all cases of tjqihus should be inapparent. 
It seems to us more than likely that -what is happening in Mexico 
must happen the world over; i.e., the epidemic adaptation of the 
original murine -varus to the secondary imnatural cycle man-louse- 
man. The ciraunstance that the murine -varus has also recently 
been foimd in Greece and in Syria where epidemics of t}q)hus have 
occurred frequently, and the existence of endemic murine typhus in 
rats and man side by side -with historic typhus in such a t}'phus- 
ridden country as Manchuria, is of great significance in this re- 
spect. Nicolle (1) made the statement that the murine atius kilk 
lice in such a short time that epidemics caused by this tjqje of -varus are 
doomed to die out quickly. He states furthermore that the \arus of 
historic typhus survives much longer in lice. We have no experience 
with Old World -vdrus in lice, but we know from the literature that it 
kills them also -wdthin from 10 to 14 days. From experiments with 
typical murine strains (21) we know that the longe-vdty of lice depends 
entirely on the number of rickettsiae ingested. WTen concentrated 
tunica exudate is introduced by the method of Weigl, the lice do in- 
deed die within a few days. The more the infective material is diluted, 
however, the longer they survive. Lice fed on monkeys infected with 
a murine strain (21) and lice fed on human volunteers inoculated 
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willi the same strain lived 10 to M days (22). 'J'herc docs not exist, 
therefore, tlie sliglilcst reason for rejecting the human louse as a vector 
in epidemic fonn of the murine virus, 

'J'hnt tile rat constitutes a natural reservoir of endemic typhus in 
the southern part of the United Slates, a possibility clearly foreseen 
by l^Iaxcy (23), has been demonstratefl beyond the shadow of a doubt 
b}' Dyer and his associates (3). 'Fliis imjxirlant discover}' will go 
far to explain the origin of human typhus everywhere. Indeed there 
is not a single circumstance which speaks against the hypothesis that 
the historic typhus of the Old World is also derived from tlie rat 
reservoir in nature. 'J'hat this is the case for epidemic typhus in 
Iilexico we consider to be definitely demonstrated. From short lived 
rapidly clieckcd epidemics in Mexico, the murine virus was isolated 
in each instance; from a long standing epidemic, strains were isolated 
whicli corrc.spond to the tyjiical historic Old World type of virus and 
in addition other strains which lie intermediate between tlie two ex- 
tremes. Moreover the epidemic strains could be induced to assume 
all the diaractcrislics of typical murine strains by long standing trans- 
fers through rats with our blood method. 

The observation that Rickdtsia prcnvazcH is able to develop in tlie 
mammal as well as in the insect only within those cells wliidi come 
into constant contact witli fresh blood explains why t}'phus cannot 
be transmitted by ticks and by mites whidi take blood only at long 
intervals. It is therefore not astonishing tliat wc were not able to 
confirm tlie results of Shelmirc and Dove (24) witli Liponyssus hacoti. 
The virus may occasionally sur\'ivc in these mites as it docs in ticks 
for several days, but never could wc demonstrate any multiplication 
of it and on no ocoision was transmission accomplished witli mites 
or ticks by tlie act of biting. Rickclisia prowazeki exliibits tlie most 
specialized t}'pe of parasitism wliidi has yet been obsen'ed in a bac- 
terial pathogenic organism. Not only is it dependent on blood while 
in tlie mammal host, but it continues to be dependent on mam- 
mal blood during its life in the insect vector. This dependency on 
mammal blood may explain to a certain extent why the virus of 
typhus exliibits so little specificity toward animals and toward blood 
sucking insects. Practically all rodents are susceptible to typhus as 
well as man, tlie apes, and the monkeys. Of the blood-sucking insects 
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Pcdkiilus, Pedidnus, Polyplax, and all species of fleas so far tested 
are susceptible. All these insects take blood at frequent inter\'als, 

2 to 3 times a day. A persistence of the virus and a probable multi- 
plication of it has been observed in Cimcx hdularius (25). Although 
fresh blood is necessary for the development of Richeltsia prowazcki 
within cells, the cells do not play a merely passive role in this respect. 
We were not able to cause a general infection of the peritoneal ca\dty 
of gumea pigs by the blood method. In tissue cultures and in the 
Maitland medium RickeUsia prowazeki multiplies only in endothelial 
cells and never, for instance, in fibroblasts. That plasma or fresh 
serum is also necessary in these cultures for the development of 
Rickettsia prowazeki has been shown by Nigg and Landsteiner (9). 
In fleas as well as in lice no multiplication occurs in the cells of the 
hind-gut which also come into contact with blood. It is interesting 
that in the intestines of insects the susceptible cells are those of the 
intestinal tract which are covered by the chitinous peritrophic mem- 
brane. In fleas this membrane is well developed, whereas in lice the 
structure is thin and delicate. One is inclined to suspect that the 
development of Rickettsia prowazeki in these cells is related in some 
way to the metabolism of chitosamine. 

In a series of experiments not recorded in this paper, we tried to 
determine what blood constituent is responsible for the enormous 
increase of Rickettsia prcrwazeki in the peritoneal cavity of rats injected 
with blood. Tests were made with senun, with washed red cells, and 
with defibrinated blood of various animals. Only with defibrinated 
blood of guinea pigs did we get results comparable to those obtained 
with whole blood of guinea pigs. As a rule, however, whole blood gave 
better results. Horse blood, sheep blood, and beef blood were found 
to be far inferior to guinea pig blood. To exclude a non-specific 
action of guinea pig blood on rats, we should have tried experiments 
using rat blood. The limited number of full grown rats at our dis- 
posal prevented us from carrying out these experiments. The obser- 
vation that Rickettsia prowazeki can survive and multiply only in 
cells which come in contact with fresh blood furnished the basis for 
our blood method. Our uniform good results with guinea pig blood, 
however, offer no definite proof that whole blood or a blood constit- 
uent is really the specific factor which enables the rickettsiae to grow 
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in the jicritoncnl cavity. Zinsser and liis pupils liavc succeeded in 
causing an cnonnous muUtpIicalion of ricketlsiae in rats by various 
methods. 'J heir x-ray method es]>ccially gives excellent results as a 
rule. 'J'hey were, however, not able by their methods to adapt the 
rickettsiac of an epidemic non-orchitic strain to the peritoneal ca^^ty 
of rats. It is possible that the jwsitivc results obtained by Zinsser 
and Castaneda witli murine strains arc based on tlie same prindples 
as our blood method. Intensive x-ray treatment increases permea- 
bility of the walls of blood vessels, with subsequent effusion of blood 
constituents. I'or murine strains, the increased permeability caused 
by x-ray treatment seems to furnish enough of these constituents to 
allow the rickettsiac to grow in the general peritoneal cavity. For 
the cjiidemic strains which are much more hemophilic, tliis method 
is inadequate. In our experiments with Nicolle’s epidemic strain, it 
was necessary to increase the daily blood dose from 3 cc. to 5 cc. in 
order to bring about a generalized infection of the peritoneal cavity. 

Stn^Rf.ARY AND CONCLUSION 

Two types of strains of typhus virus arc observed in Me.xico: first 
the murine type which is obtained from wild rats in nature, from 
isolated endemic cases, and from cases during short epidemic out- 
breaks, and second, the epidemic type of strains which is obtained 
from long standing serious epidemics. Some of tliesc epidemic strains 
correspond entirely to strains of historic Old World typhus. Other 
strains which in tlieir experimental behavior arc intermediate between 
tliesc two t3''pes of strains were isolated from tlie same epidemic. A 
metliod is described bj'’ whicli tliesc epidemic non-orcliitic strains can 
be converted into murine strains regularly causing scrotal lesion in 
guinea pigs and a highly fatal disease in rats. The same results were 
obtained with an Old World strain of epidemic typhus. The metliod, 
whicli consists of daily blood injections into intraperitoneally inocu- 
lated rats, is based on the observation tliat Rickcltsia protvazeki 
multiplies only witliin cells whicli come in constant or frequent contact 
witli fresh blood. It is concluded from our experiments that tliere 
does not exist any real difference between the virus of historic Old 
World typhus and tlie murine New World typhus. Botli are con- 
sidered to be of murine origin. The murine strains represent the 
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original form of the ^i^us of typhus, whereas the epidemic strains are 
the result of a prolonged propagation in tlie cycle man-louse-man. 
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Since Anden-’ont and Theiler (2) induced encephalitis in white mice 
by means of intracerebral injection of the viruses of herpes and yellow 
fever respectively, these animals have been more widely employed 
by investigators for the experimental transmission of stiU other viruses. 

In this paper we present an elaboration of earlier studies (3, 4) of 
the properties of vesicular stomatitis \'irus, and a similar investigation 
of the biological reactions of another virus inducing disease in horses, 
equine encephalomyelitis, in which the use of the mouse as a test 
animal has proved advantageous. We are indebted to Miss B. Howitt 
of the George Williams Hooper Foundation of the University of 
California for a specimen of the latter virus which was discovered by 
Meyer, Haring, and Howitt (5). 

VIRXJS OF VESICULAR STOMATITIS 

The virus of vesicular stomatitis procured from horses and cattle 
and transferred to the pads of guinea pigs retains its dermotropism 
during continuous pad to pad passage (3, 4). As will be shown in 
this article, we have found that the virus also possesses neurotropic 
properties as determined by the results obtained through the em- 
plojTnent of different routes of infection in white mice, guinea pigs, 
rats, rabbits, and monkeys. 

Methods and Materials— Tv;o strains of vesicular stomatitis virus (Indiana and 
New Jersey) (I a, 4) were available, samples being sent us through the kindness of 
Dr. \Y. E. Cotton of the United States Bureau of .Animal Industrj', who had prop- 
agated the strains in guinea pig pads for several years. Before use in our experi- 
ments, they were carried through twenty consecutive passages in the pads of 
guinea pigs. The material used as inoculum for animn] or cultural tests 
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sistcdof a 1:10 suspension of virus-infrctct! tissue in liormonc broth at plf 7.5. 
Unless ollieru'ise sl.'iled, the suspension was liltcred through Scit?.' discs and the 
filtrate shown to he haeteria-free by inoeul.ation of lefilospira inediuin and on blood 
agar incubated under aerobic and anaerobic conditions. 

Kffirls on 

In'.rarcrchra} I njcction.- - AiWr intracerebral injection of 0.03 cc. of 
filtered vesicular stomatitis virus, irre.spectivc of its origin, that is 
wlicther derived from affected pads of guinea pigs, brains of mice, rats, 
guinea pigs, and mmikeys, or from tissue cultures, the mice succumbed 
rapidly and uniformly to fatal encephalitis. Within 30 to 40 hours 
after injection of either the Indiana or New Jer.sey strain, the animals 
c.xhibitcd pronounced hyperesthesia, rufiling of the hair, tremors, 
circus movements, ataxia, and weakness of the legs. The weakness 
usually progressed to spastic fKiralysis of the posterior c.xtrcmitics, 
associated with generalized involuntary muscular contractions. In 
the early i)assages death occurred within 48 to 72 hours after inocula- 
tion, but after fifteen consecutive brain to brain transmissions, the 
animals lived only 24 hours after inoculation. Blood obtained by 
means of cardiac puncture at the height of reaction failed in every 
instance to yield bacterial growth in culture medium. 

Tiic gross patliological ciiangcs consist of edema of the brain with congestion 
and an occasional, small, focal hemorrhage. The histopathological lesions are 
cither absent in the meninges or noted as infiltrations, here and there, by a few 
monocytes. The brain itself c.vhibits general edema and inconspicuous, diffuse, 
monocytic reaction. The neurones reveal various stages of degeneration. The 
characteristic lesion is the pronounced necrosis of the Purkinjc cells and also of the 
nerve cells of the motor nuclei in the brain stem. The spinal cord shows corre- 
sponding changes: the membranes arc practically normal; the cord itself is edema- 
tous and many nerve cells arc degenerated. While the nuclei of most neurones con- 
tain acidophilic granular matcrial,inclusionbodiesarcnotdctcctable. Ontheother 
hand, as wc shall soon describe, mice infected bj' intranasal instillation of the virus, 
with a resultant more protracted clinical course, frequcntlj' reveal cliaractcristic 
intranuclear inclusions. It is notcwortlw that the infiltrative or productive 
lesions arc less manifest in animals having a fulminating type of infection; tlie 
predominant change then is the extensive and marked destruction of neuroues. 

1 Throughout the experiments reported in this jMper, tlie Rockefeller Institute 
strain of white mice was emploj'cd. 

Ether anesthesia was used in all operations on animals. 
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We have observed more recently that whHc the dermotropic virus does not 
noticeably affect the kidney and liver of guinea pigs, neurotropic strains injure 
these organs in all mice and other experimental animals. Granular degeneration 
of the cells lining the renal tubules, especially those of the convoluted t\-pe, occurs 
to a greater or lesser degree. One also finds granular degeneration in the paren- 
ch 3 Tna of the liver and in more advanced cases, isolated, small areas of necrosis of 
liver cells and punctiform hemorrhages. The spleen and other organs are not, 
as a rule, affected. 

Nasal Jnstillalion . — ^Recently Webster and Fite have succeeded in 
transmitting a fatal encephalitis to white mice by means of nasal 
instillation of louping ill virus (6). Vesicular stomatitis virus also 
induces regularly a lethal encephalitic infection in white mice. This 
may be effected by the intranasal instillation of 0.04 cc. of filtrate by 
means of a tuberculin s3Tinge fitted with a blunt needle, care being 
taken to avoid contact with the nasal tissues. The series of infections 
has been carried through twelve passages with the Indiana, and sis 
with the New Jersey strain of the incitant, the brain of nasally in- 
fected mice being employed as inoculum in each transfer. All of 
fifty-four animals exposed to the \drus in this manner succumbed 
within 5 to 8 days. 

The sjTnptoms of the infection are similar to those occurring after intracerebral 
injection, with the exception of a more prolonged incubation period, namely, 4 
to 6 days. The pathological changes in the brain, cord, liver, and kidney are also 
similar, although inflammatorj’ lesions, such as localized mononuclear infiltrations 
of vaiydng degree, occur in the vessel sheaths and spaces, and as nodular accumula- 
tions in the graj' and white matter of the central nervous system. The striking 
lesion consists of intranuclear inclusion bodies. From one to three or four such 
structures can be seen usuall)- located in the nen'e cells of the hippocampus and 
of the anterior gray matter of the cord. They are 1 or 2 microns in diameter, 
acidophilic, regular in outline, flat, refractive, and while they resemble the in- 
clusions of Boma’s disease, minute study reveals their difference from the 
latter. The bodies lie in sac-flke nuclei which are somewhat swollen and have a 
darkly stained basophilic membrane, and are often in juxtaposition with the 
nucleoli. The most effective stain for their demonstration is phloxin-methjdene 
blue (7). 

It appears, therefore, that the \nrus of vesicular stomatitis is highly 
potent w'hen applied to the uninjured nasal mucosa which is as sen- 
sitive to inoculation as is the traumatized brain or pads of animals. 
Infection was induced in white mice b}- this method with material 
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is associated with, distinct, but not pronounced action on the paren- 
chymatous tissue of the kidney and liver. In \iew of the high sus- 
ceptibihty of the uninjured nasal passages — as high in degree as is the 
traumatized brain — rigid precautions are necessary during experi- 
mental procedures to prevent exposure to accidental infection. The 
identity of the strains should be checked at monthly intervals by 
animal immunity tests. 

Effccls on Guinea Pigs 

The results of inoculation of the pads of guinea pigs ndth the ^^rus 
of vesicular stomatitis have already been described (3, 7, 9). 

Intracerebral Injection . — ^After twenty-five consecutive transmis- 
sions of the experimental disease in pads, 0.15 cc. of filtrates of active 
plantar tissue was introduced intracerebrally in guinea pigs. The 
following symptoms were induced by both the Indiana and the New 
Jersey strains of the virus. 

From 2 to 5 dal’s after injection, the animals showed weakness which rapidly 
progressed to paresis of both posterior extremities. Tremors and circling move- 
ments were also observed. Within 2 or 3 dax-s the posterior extremities exhibited 
complete flaccid paralj’sis, and about 75 per cent of the animals died during the 
paralytic stage. The survivors recovered partially; some showed only an ataxic 
gait, while others were left with paralyzed legs. After nineteen brain to brain 
passages had been obtained with the New Jersey and five with the Indiana strain 
of virus, the experiment was discontinued. The cerebral tissue derived from the 
second, fourth, and seventh passages was also inoculated, for control purposes, 
into the pads of guinea pigs, producing therein pronounced, characteristic vesicular 
dermatitis. 

The gross and microscopic pathological changes in the brain, cord, kidnei'-, and 
liver of guinea pigs which died of the experimental infection correspond with those 
observed in mice. 

The guinea pig is susceptible to intracerebral injection of this virus, whether 
derived from guinea pig pad or brain; mouse, rat, and monkey brain, or tissue 
tniltures (1 b). Infection was induced with these materials in dilutions up to 10^. 

Other Routes of Infection . — Pad inoculation of guinea pigs with plantar tissue 
virus with simultaneous intracerebral injection of 0.12 cc. of sterile starch solution 
induced no encephalitis, only the vesicular plantar dermatitis. Like mice, guinea 
pigs are unaffected b 3 ’ intraperitoneal inoculation either alone or with simultane- 
ous intracerebral injection of starch solution. 

Although the guinea pig is not as sensitive to the effects of the 
stomatitis virus in the central nerx'ous system as is the white mouse. 
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the neurotropic action of the infective agent is nevertheless clearly 
demonstrated by the results of the foregoing experiments. 

Efccts on Monkeys 

Macacus rhesus and Macacus cynomolgus monkeys were inoculated intracere- 
brally with 1 to 1.5 cc. of filtrates of 10 to 20 per cent suspensions of tissues con- 
taining vesicular stomatitis virus. The tissues emplo)'ed consisted of (a) mouse 
brain infected with guinea pig pad virus, (b) mouse brain obtained from the 
twenty-fifth brain to brain passage in mice, (c) affected guinea pig pad or brain, 
and (d) monkey brain. The virus in guinea pig plantar tissue was least active, 
inducing the most protracted course of the experimental infection. The experi- 
mental disease initiated with this virus, however, was carried through at least 
seven brain to brain passages in Macacus cynomolgus monkeys and five in rhesus 
animals. 

Both species of monkeys react similarly. The onset of signs of 
infection occurs, as a rule, from 4 to 7 days after inoculation. The 
first symptom observed is generalized weakness which progresses to 
definite paresis of the limbs, frequently associated with tremors and 
spasticity. Paralysis of one or more limbs and of the face supervenes 
occasionally in the later stages but at no time are there definite signs 
of meningeal involvement. Salivation was noted in 25 per cent of 
the animals and fever occurred on 1 or 2 days at the beginning of re- 
action. Death ensues on the 7th to 13th day after inoculation. 

Filtrates of the brain tissue removed after death of the monkeys 
were found, on titration in mice, to contain virus in concentrations 
of 10* to 10®. The cerebral tissue of each monkey, including those of 
the passage series, was also injected into the pads of guinea pigs, with 
the production of characteristic vesicular dermatitis. Similarly, brain 
tissue derived from the monkeys of the final serial passage, on transfer 
to the brain of mice and guinea pigs, induced characteristic experi- 
mental encephalitis. It is of interest that the plantar tissues of 
monkeys remain free from lesions after pad inoculation of the virus. 

The microscopic lesions in the central nervous system and in the 
kidney and liver are comparable with those present in guinea pigs and 
mice, except that in monkeys there are more pronounced signs of 
productive inflammation; namely, invasion of perivascular sheaths 
and spaces with monocytes, localized areas of monocytic infiltrations 
in the gray and white matter of the brain and cord, multiplication of 
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glial nuclei and neuronophagia. Characteristic intranuclear inclusion 
bodies are readily found. 

The observations just recorded show the neurotropic action of the 
vesicular stomatitis virus, now demonstrated in rhesus and cynomolgiis 
monkeys. The course of events is not as rapid as in rodents. This 
may accotmt for the more marked infiltrative lesions and for the more 
numerous inclusion bodies in the simians. 

Effects on Other Animals 

While and Hooded Rais . — ^These animals are susceptible to the action of the 
Indiana and New Jersey strains of vesicular stomatitis virus after intracerebral 
injection. Transmission of the experimental disease was effected through four 
serial brain to brain passages, the fifteen animals employed all succumbing to the 
disease within 7 to 10 days after inoculation. Introduction of the virus into the 
pads, however, leads to characteristic vesicular dermatitis of this tissue (9), as in 
the case of guinea pigs. 

Young Chicks . — Chicks 24 to 48 hours old are unaffected after recei\-ing intra- 
cerebrally from 0.05 to 0.12 cc. of virus filtrate. Eight different tests were made 
on sixteen birds. 

Rabbils . — ^Rabbits are much more resistant to the virus, when injected in the 
brain, than are mice, rats, guinea pigs, or monkeys. Only three of fourteen test 
animals developed, within 7 to 9 da 3 S, signs of central nervous system involvement, 
terminating in complete flaccid paraljsis of the posterior extremities. Pad inocu- 
lation is wholly without effect in the rabbit. 

The employment by previous workers of the guinea pig as the ex- 
perimental animal has led to the conception that the stomatitis virus 
is dermotropic in its action, — ^for of the dermal surface of the animal, 
only the plantar tissue has been proved to be uniformly susceptible to 
infection (3, 4, 9) From the results of the tests here recorded, we 
find that neurotropism, associated with a mild degree of viscerotro- 
pism, is a definite characteristic of the virus. 

Recovery of Virus from Experimentally Infected Animals. — The 
employment of the white mouse as test animal^ which is highly 
susceptible on intracerebral inoculation of the virus, has greatly 
facilitated its recovery. By mouse tests we have been able to demon- 
strate virus during the course of infection in the blood of the heart 
and peripheral circulation; in the submaxillary and parotid glands; 
in the brain, cord, and spinal fluid, and in the limg, spleen, liver, and 
kidney of mice, guinea pigs, and monkeys. In the monkeys it was 
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determined that the virus was present in the blood during the period 
from 24 hours after intracerebral inoculation, when tlie first test was 
made, to the onset of fever. 

C^dtivation of Vcsiadar Stomatitis Virus in Tissue Cultures . — 
The method of tissue culture in a medium consisting simpb’’ of minced chick 
embr 3 'os and Tyrode’s solution has already been described (1 /)). Two series of 
cultivation tests have now been performed, Series A with the Indiana strain and 
Series B with the New Jersc}' strain. 

In Series A, filtrates of 1:10 suspensions of infected guinea pig pads or mouse 
brain pathogenic for mice in a dilution of IC* were used to initiate tlie cultures. 
At the present time this culture is in its thirt 5 '^-fifth generation and is active in 
mice in a dilution of 10®. The titer of the virus increased in this series to 10®®. 

In Series B, the filtrate serving to initiate the tissue cultures was active in mice 
in a dilution of 10®. The 58th generation now at hand was cliaracteristicalljf 
infective for mice in a dilution of 10®, and tlie virus increased in titer to 10®k 

From these results it is evident that the virus can be cultivated in 
a medium consisting solely of chicken embryonic tissue suspended in 
Tyrode’s solution. Other investigators (10) have succeeded in cul- 
tivating various viruses by this method. The fact is of interest tliat 
the virus of vesicular stomatitis was propagated wth cells of tlie 
chicken, a species normally resistant to it.® Vesicular stomatitis 
virus has a generic relationsliip to the incitant of foot-and-mouth 
disease (9, 1 1) ; and it may be possible to cultivate tlie latter iiitli equal 
ease. 


vmus or equine encephalomyelitis 

Meyer and liis associates (5, 12) have stated that the filtrable,^ 
glycerol-resistant encephalomyelitis virus is distinct from tlie incitant 
of botulism, “forage poisoning,” Borna’s disease, poliomyelitis, and 
apparently different from that of enzootic encephalitis of the Moussu- 

® It is of interest that tlie undifferentiated cells of chick embryos, especially of 
the membranes, are more susceptible to certain diseases than are the differentiated 
cells of the hatclied chicks themselves. For a discussion and references see Rivers, 
T. M., and Schwentker, F. F., J. Exp. Med., 1932, 66, 911; and Mackenzie, R. D., 
J. Path, and Bad., 1933, 37, 75. 

< It was found that filtrability through Seitz’ discs of the viruses of encephalo- 
myelitis and of vesicular stomatitis is of the same degree; both pass the filters 
in concentration of 10®, as determined by mouse inoculation tests. 
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Marchand We have confirmed their studies and elaborated the 

findings of the prior investigators. In our experience the virus has 
retained its infectivity in dilutions up to 1:10 million (instead of 
1 ; 10,000) and the white mouse has proved the experimental animal of 
choice instead of the guinea pig. 

Effects on White Mice 

These animals react uniformly when filtered or unfiltered, centrifuged, bacteria- 
free suspensions of the rirus are introduced into the brain or nasal passages. The 
suspensions employed were prepared in the same manner as the vesicular stoma- 
titis material. They consisted of infected mouse brain tissue, active when filtered 
in dilutions as high as 10*, and when unfiltered as high as 10"; and filtrates of 
affected guinea pig pad, and tissue culture material, infective up to 10® dilution. 
The experimental disease induced b\' means of nasal instillation of the virus was 
transferred by brain to brain passages through at least eight successive series, each 
of four to eight mice. 

The fatal infection produced by the virus is characterized by the same clinical 
reaction and microscopic changes in the nervous sj’stem, liver, and kidnej- as are 
found in experimental stomatitis disease. The tj^iical inclusion bodies are also 
detected in mice receiving the encephalomyelitis incitant intranasaUy, but not 
in animals injected intracranially. Moreover, precisely as in the case of experi- 
mental vesicular stomatitis, adult mice are refractory' to intraperitoneal inocula- 
tion of the virus, but not infant ones. Another similarity' consists in the shorten- 
ing of the course of the experimental infection after twenty consecutive passages, 
from the usual 3 to 5 day's to 2 days — transfers having been made from brain to 
brain every’ 48 hours. 

As a-ith the stomatitis virus, the incitant of encephalomy’elitis produces no local 
dermatitis after its injection in the plantar tissues. 

Effects on Guinea Pigs 

The introduction of the virus into the brain of guinea pigs results in an infection 
indistinguishable from that of experimental vesicular stomatitis. 

Serial pad passages at intervals of 48 hours were carried out in two sets of guinea 
pigs, with seventeen consecutive passages in the first and twenty'-six in the second. 
This series of transfers was initiated with p)ooled, glycerolated guinea pig brain 
\’irus. As with the stomatitis virus, the encephalomyelitis x-irus present in the 
pads of the different passages induced fatal encephalitis after subdural inoculation 
of mice and guinea pigs. 

The virus introduced into the plantar skin of guinea pigs shows vesicular reac- 
tions varying in degree and the serous exudate n-ithin the vesicles mav be either 
blood-tinged or clear. WTiile the plantar lesions induced by vesicular stomatitis 
are characterized, as a rule, by’ clear vesicular contents, it is knonm that strains 
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of this virus produce sometimes blood-tinged exudate. Hence there is no definite 
distinction between the two viruses in respect to the character of the vesicular 
fluid. The histopathological changes in the affected pads are, moreover, identical 
in the case of both incitants and the epithelial cells show the same type of intra- 
nuclear inclusion bodies. 

As with the stomatitis virus, only the skin of the pad of tlie guinea pig shows 
dermatitis after inoculation with the virus of equine encephalomyelitis; and after 
five or six serial pad passages, the animals fail to exhibit signs of nervous in- 
volvement. 


Effects on Other Animals 

The reaction of monkeys, rabbits, and white rats to the virus after its intro- 
duction into the brain or pads is identical with that of tlie virus of vesicular stoma- 
titis. Similarly, very j'oung chicks are unaffected by intracerebral inoculation 
of the virus. 

Estahlishmcnt of Dermotropism. — ^We have already mentioned that 
the neurotropic incitant of encephalomyelitis, after five or sue guinea 
pig pad passages, loses its property of affecting the central nervous 
system following pad injection of guinea pigs and then acquires 
dermotropism. An experiment was undertaken in which monkeys, 
rabbits, white mice, and wliite rats were inoculated into the plantar 
tissues with the modified, dermotropic virus. These animals, like 
the guinea pigs, also failed to show nervous disturbances. Hence it 
is evident that just as the dermotropic stomatitis virus can exhibit 
neurotropism, so can the neurotropic encephalomyelitis virus act as 
a dermotropic agent. 

Recovery of Virits from Experimentally Infected Animals. The virus 
can be recovered under similar conditions and from the same kind 
of tissues as in experimental stomatitis infections. 

Tissue Cultures. — The virus can be cultivated in minced chicken 
embryonic tissue suspended in Tyrode’s solution, in the same way as 
the stomatitis incitant. Fifty-three generations have been obtained to 
the present time; in the forty-nintli generation a dilution of the culture 
of 10® was capable of inducing fatal encephalitis in white mice, and 
the virus increased 10®^ times. 

IMMUNOLOGICAL REACTIONS OF THE VIRUSES 

Immunity tests were made by (a) introducing the virus into animals 
recovered from its effects and {b) serum neutralization. The mode of procedure 
in tests of the latter sort follows. 
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A 20 per cent suspension of virus-containing tissue in hormone broth of pH 
7.5, was centrifuged at moderate speed for 10 minutes so as to clear the fluid of the 
g]*Q550^ p3^]^ctes. 1 cc, of the supernatant fluid was diluted with 2o cc. of broth. 
Equal volumes of the diluted suspension and of the serum collected from recovered 
animnlt; were mixed, placed m a 37,5°C. water bath for 2 hours, and then in an 
ice chest overnight. The mixtures were e.xamined for the presence of virus by 
intracerebral injection into animals. In addition, neutralizing rabbit antiserum, 
effective against the strain used, was obtained by three successive subcutaneous 
injections at 5 day intervals, of 3 or 4 cc. of filtrate of guinea pig pad or brain 
tissues containing living virus. Ample controls were provided for each experiment. 

Eomologoiis Reactions of Vesicular Stomatitis Virus {13). — ^The In- 
diana and the New Jersey strains were foimd to be immtmologically 
distinct by both the in nivo and the in vitro procedure. 

Guinea pigs recovered from the effects of plantar, subcutaneous, or intracranial 
inoculation of tissue cultures, guinea pig pad virus, or of brain material derived 
from infected mice, rats, guinea pigs, or monke3-s, were resistant to later pad or 
intracerebral injection of the homologous strain of virus, irrespective of its source 
as to tissue or species of animal. The rabbit antiserum, or serum secured from 
recovered animals, showed corresponding homologous neutralization of the virus. 

Homohgous Reactions of Equine Encephalomyelitis Virus. — Guinea 
pigs recovered from the effects of this virus were shown to be immune 
to a later injection of the same virus. Rabbit antiserum, prepared 
with encephalomyeUtis material, and the serum from nnimnlc re- 
covered from the experimental disease, also inactivated the enceph- 
alomyelitis indtant. The methods employed in all these tests were 
predsely similar to those in the experiments with the virus of vesicular 
stomatitis. 

Cross-Immunity ReacHotis. — On repeated trials cross-immunity reac- 
tions have not been found to occur between encephalomyelitis and 
stomatitis viruses. 


SUMMARY 

We have studied certain properties, additional to those previously 
described (3), of the virus of vesicular stomatitis of horses, and of the 
characteristic biological reactions of the virus of equine encephalo- 
myelitis. 

It has been found that the virus of stomatitis, ordinarily dermo- 
tropic, can acquire neurotropism and the neuro tropic encephalo- 
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myelitis virus can, in turn, be rendered dermotropic in its action. 
The neurotropism in both instances is associated with definite, al- 
though not pronounced, viscerotropism. 

Both viruses can bring about a similar infection in the white mouse, 
rat, guinea pig, rabbit, and rhesus or cynomolgus monkeys. Of these 
animals, rabbits show the lowest degree of susceptibility and mice the 
liighest, especially after intracerebral inoculation. The mouse is the 
best animal for work with these viruses because of the uniform and 
rapidly lethal encephalitis which can be induced in it. Moreover, the 
mouse is highly sensitive to tlie instillation of tlie viruses in the nasal 
passages: 1 to 10 million dilution sufficing to induce a fatal encepha- 
litis. The uninjured nasal mucosa of mice appears, therefore, to be as 
susceptible to experimental infection as the traumatized brain or pads 
of animals. 

The microscopic changes accompanying the reactions to both 
viruses reveal, in rapidly lethal infections, pronounced destructive 
lesions in the cells of the central nervous system. When the experi- 
mental disease is more protracted in its course, however, these 
lesions are associated with beginning productive, inflammatory 
reactions, consisting chiefly of mononuclear infiltrations. In the 
latter instances, characteristic, intranuclear inclusion bodies can be 
more readily observed. 

Both viruses can be cultivated with facility in the medium of minced 
chicken embryonic tissue suspended in Tyrode’s solution, although 
24 to 48 hour old chicks are refractory to artificial infection. 

No cross-immunity reactions occur between the two strains of 
stomatitis virus or between them and the encephalomyelitis strain. 

The viruses are evidently similar in many biological properties. 
In view of the fact that the horse is the natural host for both, it is 
suggested that they may be generically related. They are not, of 
course, identical since cross-immunity between them does not exist. 
The absence of cross-immunity does not, however, exclude the possi- 
bility of a generic relationship, for there are at least three immuno- 
logically distinct types of foot-and-mouth disease, two of vesicular 
stomatitis, and two of equine encephalomyelitis (14) virus. 
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In a recent publication (1) -we described lesions in the pulmonary 
arterioles of rats winch had lived for some time in compressed air. 
These lesions indicated the possibility of pulmonary hypertension. 
Accordingly, it was decided to make direct determinations of the blood 
pressure in the pulmonary artery of rats after varying periods of expo- 
sure to the conditions prevailing in previous experiments (1, 2). 
Since, so far as we can learn, there have been no observations on the 
pulmonary arterial pressure in rats, it was necessary to determine the 
average pressure in a series of normal animals. 

Methods 

Albino rats from a standard colony were used. A total of thirty-four satis- 
factory' determinations of the pulmonary arterial pressure was obtained. Some 70 
per cent of the attempted readings proved successful after a suitable technique had 
been developed. The age of the majority of rats was between 4 and 5 months. 

The pressures were determined directly on a water manometer (Text-fig. 1) by' 
cannulating the pulmonary' artery in a maimer differing only slightly from the 
method described by Drinker and Went (3) for guinea pigs. The anatomical 
structure of the pulmonary' arch in rats was such as to prevent the anchoring of a 
cannula as practiced hy them. For this reason a small cannula was drawn from 
py'rex tubing (Te.xt-fig. 1). The tip was turned from the shaft at a slightly obtuse 
angle. The end was ground on an emory' wheel to a sharp, bev'eled point. The 
circumference of the tip increased abruptly as it approached the shaft, so that when 
the tip had pierced the arterial wall the increased circumference served as a wedge 
in the wall and thus prevented bleeding. The shaft was made long enough to be 
easily handled, ranging from 3 to 4 inches in length. 

The cannula communicated directly' with the water manometer through a 
three-way stopHrock (Text-fig. 1), one lead of which was connected with a pressure 
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bottle containing a solution of methylene blue in normal saline. B)' means of a 
pressure bulb attadicd to this bottle the height of the column of saline could be 
readily adjusted until it was in approximate equilibrium with the pulmonary 
arterial pressure. 

Preparation . — ^The rats were anesthetized b)’- an intraperitoncal injection of a 
0.5 per cent solution of nembutal (sodium-etlijd (1-methyl-butyl) barbiturate) 



Text-Fig. 1. Diagrammatic sketch of e.xperimental apparatus. 


in normal saline. Rats weighing less than 200 gm. received 60 mg. per kilo of 
body weight, while rats over 200 gm. received 70 mg. per kdo. Satisfactory 
anesthesia was obtained in 10-15 minutes. The rat was then placed on its back 
on an animal board. A tracheal cannula was inserted and positive pressure arti- 
ficial respiration with an electrical pump was started. After an appropriate 
adjustment had been determined in the early experiments, the stroke of the pump 
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was not altered. The e.xtemal jugular vein was then exposed to facilitate injection 
of heparin later. The thorax was opened by a longitudinal incision through the 
middle of the sternum from the tip of the xyphoid to the base of the neck. The 
thoracic walls were held apart by a self-retaining retractor. The thj-mus was 
dissected upward from the base of the heart and held back by a small clamp. 
Verj’ little bleeding occurred when the incision was properly made through the 
middle of the sternum. Any bleeding points were temporarily clamped with 
hemostats. 3 or 4 minutes were allowed for clots to form in severed vessels before 
heparin was injected. A 0.6 per cent solution of heparin in normal saline was then 
injected, the number of cubic centimeters being determined by multipl>’ing the 
weight in kilos by the factor 5.7. The usual quantity ranged from 1-1.5 cc. 
This amount of heparin was calculated to prevent the clotting of a quantity of cat’s 
blood equal to twice the rat’s blood volume. The latter was determined bj' as- 
suming 85 cc. of blood per kilo of body weight. 

Caiinulation . — ^The caimula was filled with a 0.6 per cent solution of heparin 
and then connected to the manometer circuit by flexible rubber tubing. The 
water column was then raised to a height of 240-250 mm. The cannula was 
grasped in the right hand as a pencil, while the heart was gently retracted down- 
ward by a moist cotton pledget held in the left hand. In this way the pulmonary’ 
arch was exposed for a distance of 2-3 mm. distal to the pulmonic valve and the 
cannula was gently inserted with the tip directed toward the heart. When carried 
out successfully, the procedure required only a few seconds. The artificial respira- 
tion was discontinued for 5-10 seconds during the cannulation in order to steady 
the heart. As soon as the artery was entered, blood spurted into the tip of the 
caimula. The stop-cock was then turned so that the water column communicated 
freely with the cannula. If the water level tended to change |immediately, it was 
readjusted as indicated until essentially in equilibrium with the pressure. Read- 
ings were then recorded at intervals of 15 seconds or 1 minute. In the first 
e.xperiments the caimula was stabiUzed in plasticine, but since it frecjuently slipped 
out of the arterj' during the transfer from hand to plasticine, this method was 
abandoned. It was found more satisfactory for the operator to continue to hold 
it in place by hand. 

Manometer readings were usually recorded in longhand; however, during 
e.xperiments with epinephrine, in which marked changes in pressure occurred 
suddenly, it was found necessarj' to record the readings by camera at 5 second 
intervals according to the method described by Field and Drinker (4). 

The results of all experiments in -which cannulation was successful 
are shown in Table I. The average pulmonary arterial pressure for 
this series of thirty-four rats is seen to be 256 mm. H^O. 

The reliability of recording the pressure for only a few minutes is 
demonstrated by Table 11, in -which are presented the average pressure 
readings of fifteen rats that were recorded for periods ranging from 6 
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TABLE I 


Rat No. 

Age 

Sex 

Duration of 
experiment 

Pulmonary a 

Avci 

1st S min. 

rterial pressure 

age of 

Total duration 


days 



mm. n/) 

mm. UtO 

10-31 

126 

M 


279 

276 

10-12 

140 



279 

284 


140 


35 

256 

256 

10-39 

129 


20 

263 

260 

10-33 

126 


18 

257 

267 

10-34 

128 

M 

13 

284 

273 


131 

M 

12 

244 

247 

10-36 

128 

M 

10 

250 

249 

10-51 

334 

F 

10 

303 

309 

10-41 

130 

F 

9 

284 

261 

10-54 

155 

M 

8 

253 

255 

10-60 

159 

M 

8 

276 

276 

10-76 

125 


8 

229 

225 

10-32 

126 


7 

228 

223 

10-19 

143 


6 

277 

278 

1045 

133 

M 

6 

259 

258 

10-17 

141 

F 

5 

267 

267 

10-53 

154 

M 

5 

272 

272 

10-58 

157 

M 

5 

312 

312 

10-61 

159 

M 

5 

266 

266 

10-66 

— 

— 

5 

265 

265 

10-69 

125 

F 

5 

255 

255 

10-70 

125 

M 

5 

299 

299 

10-71 

125 

M 

5 

201 

201 

10-72 

125 

M 

5 

187 

187 

10-73 

125 

F 

5 

183 

183 

10-74 

125 

F 

5 

220 

220 

10-23 

133 

M 

4 

— 

281 

10-35 

128 

M 

4 

— 

219 

10-52 

334 

F 

4 

— 

243 

10-59 

159 

M 

3 

— 

239 

10-62 

159 

M 

3 

— 

275 

10-65 

305 

M 

3 


233 

10-63 

303 

M 

2 



291 

Corrected average of series (34 rats). 

257 

256 


to 54 minutes. The pressures on the 1st minute and for the first 5 
minutes after the water column was in equilibrium as well as for the 
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total duration are shown. The difference between these readings is 
msignificant. The average pressure during the first 5 minutes after 
reaching the equilibrium was accepted as the standard in later experi- 
ments, because one was definitely able to ascertain that a constant level 
had been reached by then while further prolongation was unnecessary. 

Accessory Factors . — ^The fact that sex, age, weight, and duration of 
anesthesia within reasonable limits bear no relationship to the pul- 
monary pressure is illustrated by the graphs in Text-fig. 2. The time 


TABLE n 


Rat No. 

Duration of 
experiment 

Pulmonary arterial pressure 

Average of 

1st min. 

1st 5 min. 

Total duration 


min. 

mm. ffjO 

mm. HrO 

mm. 

10-31 

54 

270 

279 

276 

10-12 

38 

281 

279 

284 

10-10 

35 

268 

256 

256 

10-39 

20 

290 

263 

260 

10-33 

18 

258 

257 

267 

10-34 

13 

280 

284 

273 

1040 

12 

242 

244 

247 

10-36 

10 

259 

250 

249 

10-51 

10 

280 

303 

309 

1041 

9 

289 

284 

261 

10-54 

8 

270 

253 

255 

10-76 

8 

238 

229 

225 

10-32 

7 

235 

228 

223 

10-19 

6 

275 

277 

278 

1045 

6 

272 

259 

258 

Average (15 rats) 

267 

263 

261 


in the anesthesia graph represents the number of minutes elapsing 
between the injection of nembutal and the cannulation of the pulmo- 
nary artery. 

The Effect of Epinephrine 

The effect of epinephrine on the pulmonary pressure was studied in 
nine rats. An approximate 1:100,000 solution of epinephrine was 
used. It was administered intravenously in doses of 0.1-0.5 cc. The 
femoral and e.xtemal jugular veins were used for injections. 
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EFFECT OF EPINEPHRINE 
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Text-Fig. 2. These graphs illustrate the fact that the age, weight, and se.x of 
the experimental animals, as well as the duration of anesthesia employed in this 
stud}'^ bear no relationship to the pulmonar 3 ' arterial pressure. 

Text-Fig. 3. This graph shows the effect of epinephrine on the pulmonary 
arterial pressure in a representative e.xperiment. 
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Epinephrine invariably caused an abrupt increased activity of the 
heart and a simultaneous elevation of the pulmonary pressure, the 
degree varying directly with the amount administered. A ma xim u m 
pressure was soon reached but persisted for only a short time, gradually 
returning to normal. In the illustrated case 0.3 cc. of a 1 : 100,000 
solution of epinephrine was injected into the femoral vein as indicated 
by the arrow (Text-fig. 3). 


DISCUSSION 

Three possible causes of error in making these determinations be- 
came apparent; namely, asphyxia, obstruction of the pulmonaiy circu- 
lation, and tension on the trachea. The first of these, when present, 
was usually caused by mucus or less frequently by a kink in the trachea 
at the junction with the caimula. Obstruction to the pulmonary 
circulation was due to faulty cannulation, resulting in either undue 
tension on the pulmonary arch or a disturbance of the normal rela- 
tionships of the heart and mediastinal contents. Abnormal tension 
on the trachea probably caused its effect by altering the mediastinal 
relationships with impairment of the pulmonary circulation at the 
root of the lungs. All three of these accidents resulted in an abnormal 
temporary elevation of the pulmonary pressure to varying heights, 
followed by a sudden failure of the right side of the heart with a rapid 
fall in pressure ending in death unless remedied. After a little practice 
these difi&culties were readily avoided. Early in the study it was 
realized that a cannulation was either immediately satisfactory in 
all respects or else it should be considered a failure and discontinued. 
■When properly performed, no additional manipulation was necessary 
other than the adjustment of the water manometer as indicated. It 
was desirable to set the manometer a centimeter or two below rather 
than above the expected pressure. In this way a small quantity of 
blood was allowed to rise in the tip of the cannula. Cardiac pulsations 
could be followed here to ensure a patent cannula, while at times they 
were rather weak in the manometer. 

The systemic blood pressure of rats imder ether anesthesia has been 
determined in a series of 40 adults by Durant (5). The arithmetical 
mean in this group was 119 mm. Hg (1618 mm. H;0). The ratio of 
the average pulmonarj^ pressure in our e.\-periments to the average 
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systemic pressure of 113 mm. Hg (6) is 1:6 wliich is identical to the 
ratio 1:6 given by Fulmer and Starling (7) for dogs. A comparison 
of the average pulmonary pressure found in this study to the average 
systemic pressure of 119 mm. Hg reported by Durant in a larger series 
of rats gives a ratio of 1:6.3 which is in close accord with the above 
ratios. 

CONCLUSIONS 

1. A satisfactory method for the direct determination of the pul- 
monary arterial pressure in rats is described. 

2. The arithmetical mean of the blood pressure in tlie pulmonary 
artery in a series of tliirty-four normal albino rats under nembutal 
anesthesia is 256 mm. H 2 O (18.8 mm. Hg). 

3. Intravenous epinephrine causes an abrupt but briefly sustained 
rise in the pulmonary arterial pressure with a gradual return to normal. 
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In a pre\nous publication (1) we described vascular lesions in the 
pulmonary arteries of rats following prolonged exposure to an environ- 
ment of compressed air, having an oxj'gen tension of approximately 
635 mm. Hg. The changes from normal in the pulmonary arterioles 
consisted of thickening and hyalinization of the walls with narrowing 
of the lumina. We commented upon the similarity of these lesions 
to those seen in the arterioles of the human kidney of patients with 
progressive vascular nephritis and hypertension. 

The present study was undertaken in order to determine whether 
or not such vascular changes are accompanied by an increase in the 
pulmonary arterial pressure and to see if blood vessels other than the 
pulmonary arteries are affected. 

Methods 

1. Animals . — 58 albino rats between the ages of 120 and 175 days were studied. 
Male and female rats were used in equal numbers. They were maintained on a 
standard <het which had proved satisfactory in other experiments (2). 

Z. Apparatus . — An environment of compressed air, containing a high oxvgen 
tension, was obtained by using the compressed air equipment described by Thomp- 
son, Yaglou, and Van Woert (3). The humidity, temperature, and barometric 
pressure were kept constant by automatic regulators. 

3. Conditions . — The barometric pressure was maintained at appro.ximately 
3040 mm. Hg (45 pounds gauge pressure) except for a drop to 2280 mm Hg (30 
pounds gauge pressure) for 10-15 minutes twice a week when the animalg vrere 
being fed. Once a week the pressure was lowered to 2280 mm. Hg for 2-2 i hours 
while the pulmonar>- arterial pressure of a series of rats was being determined 
inside the pressure chamber. The ox>’gen tension, except for these insignificant 
periods, was approximately 635 mm. Hg, corresponding to an 83.6 per cent mixture 
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of oxygen at normal barometric pressure. The dry bulb temperature remained at 
28°C. plus or minus 1°C., while the relative humidity ranged from 49-50 per cent. 
The total period of time during which the rats were kept in an environment of high 
oxygen tension identical with that of the previous experiments (1, 2) was 38 days. 

4. Determination of the Pulmonary Arterial Pressure. — The pulmonary arterial 
pressure was determined on a scries of rats after 3, 10, 17, 24, 31, and 38 days of 
exposure. It was measured directly on a water manometer connected with a 
cannula which was inserted into the arch of the pulmonarj' arterj'. A description 
of the method employed has been given in a previous paper (4). 

5. Pathological Technique. — ^Each rat upon which the pulmonary arterial pres- 
sure had been satisfactoriljf determined was autopsied as soon as decompression 
was completed, usually within a period of 2-4 hours after death. The esophagus, 
trachea, heart, lungs, and thoracic aorta were removed in one piece, e.xamined, and 
placed in fixative. After hardening, blocks of tissue were selected for microscopic 
study from similar areas in each organ. The brain, spleen, and liver were removed 
separately while the kidne 3 's with the abdominal aorta and inferior vena cava were 
removed in one piece so as to enable us to obtain sections of the large abdominal 
vessels. Cross-sections of the femoral vessels and surrounding muscles were taken. 
Tissues were routinely fixed in Zenker’s fluid. However, in a small series of rats, 
representative of varying periods of exposure to compressed air, the tissues were 
fixed in 10 per cent formaldehyde solution in order that fat stains on frozen sections 
might be made and thus the presence or absence of fat in sclerosed arteries be 
determined. Microscopic sections were stained routinelj’’ with methjdcne blue 
and eosin and phosphotungstic acid hematoxylin. In representative groups of 
rats, frozen sections from all organs were stained with Scharlach R. 

The Pulmonary Hypertension 

In a preliminary study of normal rats (4) the average pulmonary 
arterial pressure in a series of 34 animals was found to be 256 mm. 
H 2 O. The results of all determinations in the present investigation are 
presented in Table I. 

The pulmonary arterial pressures were within normal limits during 
the first 17 days of exposure except for one unusually low reading after 
3 days exposure, when many of the animals showed the effects of 
acute oxygen poisoning, and one liigh reading on the 10th day. Def- 
inite pulmonary hypertension was present in one rat after 24 days of 
exposure while all of the other readings made on that day corresponded 
to the upper limits of the normal series. 

All animals subjected to the environment of compressed air for 31 
and 38 days respectively were found to have definite pulmonary 
hypertension. 



TABLE I 


Ptilmonary Arlcrial Pressure in a Scries of Rais Exposed to Compressed Air for 

Varying Periods of Time 


Animal No. 

Age 

Sei 

Duration 

cxp)eriincnt 

Duration of 
exposure to 83 
per cent oxj'gen 
tension 

Pulmonary 
arterial pressure 


days 


rriij. 

days 

mm. H/} 

11-1 

139-140 

M 

3^ 

3 

245 

11-4 

139-140 

M 

3 

3 

133 

11-5 

122-140 

F 

5 

3 

250 

11-7 

122-140 

F 

7 

3 

184 

11-8 

122-140 

F 

5 

3 

222 





Average 207 

11-9 

146-147 

M 

5 

10 

176 


146-147 

M 

4 

10 

214 

■ EH 

129-147 

F 

5 

10 



146-147 

jM 

5 

10 

244 

11-13 

129-147 

F 

5 

10 

283 





Average 244 

11-14 

136-154 

F 

5 

17 

212 

11-16 

153-154 

M 

5 

17 

249 

11-17 

136-154 

F 

6 

17 

227 

11-18 

136-154 

F 

5 

17 

425 

11-19 

153-154 

M 

5 

17 

163 





Average 255 

11-21 

160-161 

M 

5 

24 

309 

11-22 

160-161 

AI 

5 

24 

394 

11-25 

143-161 

F 

2 

24 

279 

11-26 

143-161 

F 

1| 

24 

290 





Average 318 

11-28 

167-168 

M 

4 

■ ■ 

463 

11-29 

167-168 

M 



339 

11-30 

150-168 

F 

5 

31 

322 

11-31 

150-168 

F 

5 

31 

597 

11-33 

167-168 

M 

3 

31 

324 





Average 409 

11-42 

174-175 

1.1 

H 

38 

419 

11-44 

157-175 

F 

5 

38 

-■^7? 

11-45 

174-175 

M 

5 

38 

529 





Average 423 


1S3 
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The average pulmonary arterial pressure of the normal and experi- 
mental series of rats are plotted in Text-fig. 1, both as individual rats 
and as groups, showing the rapid elevation of pressure that occurs in 
weekly intervals after the 24th day of exposure. 

No attempt was made to determine the systemic arterial blood 
pressure of rats during their stay in an environment of compressed air. 



NUMBER DAYS EXPOSURE TO OXYGEN 
Text-Fig. 1. The pulmonary arterial pressure in normal and e.xperimental 
animals plotted individually and as groups, illustrating the gradual development of 
pulmonary hypertension during exposure to compressed air. 

However, such determinations were made on a series of five rats which 
had been exposed for 38 days, decompressed, and kept at normal baro- 
metric pressure for 7—10 days. In tliese animals the carotid artery 
was cannulated and the arterial blood pressure measured directly on a 
mercury manometer. After the initial carotid arterial pressure had 
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been recorded, the pulmonary artery was cannulated as in previous 
rats, in an effort to simultaneously measure the pulmonary arterial 
pressure. 

The average carotid arterial blood pressure in these five rats was 
55 mm. Hg, the lowest individual average pressure being 48 mm. Hg, 
and the highest 59 mm. Hg. Thus in each instance the systemic blood 
pressure of the exposed rats was slightly less than one-half of the aver- 
age normal (113 mm. Hg) in four rats which we examined and the 
average normal systemic pressure of 119 mm. Hg as reported by Du- 
rant (5). Although the number of rats upon which these determina- 
tions were made was small, the consistently low pressure readings in 
each instance provide additional evidence of an important degree of 
arterial obstruction in the lesser circulation. Gibbon, Hopkinson, and 
Churchill (6) demonstrated that when the pulmonary artery in cats 
was obstructed to from 60 per cent to 85 per cent of its cross-sec- 
tional area, there was a reduction in cardiac output, attended by a 
fall in the systemic blood pressure and a rise in venous pressure. 

An attempt to make simultaneous determinations of the systemic 
and pulmonary arterial pressures failed in two of the five rats. In the 
remaining three rats the average pulmonary arterial pressure was 296 
mm. HjO which was considerably higher than the average pressure 
of 179 mm. H-O in three control rats in which simultaneous pressure 
readings were made. The fact that the average pulmonary pressure 
in both the exposed and normal rats is lower than in corresponding 
groups of animals in which only the pulmonary artery was carmulated, 
suggests that the added manipulation and blood loss entailed in meas- 
uring the systemic pressure may have resulted in readings that were 
not as high as the actual pulmonary pressure in these animals. 

Pathological Findings 

Gross and microscopic examination of the brain, liver, and kidneys did not show 
any constant abnormality. Microscopic examination of the blood vessels of these 
organs as well as of the aorta in both the thoracic and abdominal portions and the 
femoral arteries, revealed no pathological change. The spleen in all aTn'malc 
appeared normal on gross examination but in practically all instances there was a 
recognizable increase in the amount of hemosiderin in the exposed rats. Schar- 
lach R stains made on frozen sections failed to demonstrate the presence of patho- 
logical fat in the blood vessels or parenchj-ma of any of the above organs. 

The heart and lungs alone showed constant or important changes from normaL 
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IViacroscopic cxaniinfitioii of tliG hea.rt after death did not reveal as striking changes 
as did direct observation of the exposed and functioning heart while the pulmonary 
pressure determinations were being made. At that time, in rats exposed to com- 
pressed air for 24 days or more, the heart action usually appeared more forceful 
than normal and the right ventricle was constantly dilated so that its prominent 
borders partially obscured the adjacent margins of the left ventricle. The conus 
arteriosus instead of tapering gradually' into the pulmonary arter}'' as it did in 
normal rats was markedl}^ ballooned out and obscured the ventriculoarterial 
junction. 

In one instance (Rat 11-28) verj' interesting correlations between the markedly 
increased pulmonar}' pressure and the pathological changes in the right ventricle 
were possible. In tliis rat the right ventricle was trcmendousl}'' dilated when 
first exposed. When the cannula was inserted into the pulmonary artery, tlie 
pressure rapidlj^ mounted to 500 mm. HoO, where it remained in equilibrium for a 
few seconds and then rapidly fell as the right ventricle became even more dilated, 
slowed down, and almost ceased beating. By lowering the pressure in the manom- 
eter to a subnormal level, enough blood was expelled from the right ventricle to 
allow it to recover temporarily and the elevated initial pressure was almost totally 
regained and sustained for 2 {- minutes. At this time the right ventricle again 
became decompensated and failed to revive. Examination of tlie heart after deatli 
showed an area 4x3 mm. in diameter in the wall of the right ventricle which had 
the gross characteristics of a cardiac aneurysm. This portion of the myocardium 
bulged out from the surrounding musculature and when sectioned across was found 
to consist of a very thin fibrous membrane. Microscopic e.\-amination of this 
lesion showed that the muscle fibers had almost entirely degenerated, leaving only 
thin dense scar tissue which presumably had become markedly stretched out. 
Two other hearts showed similar but smaller defects in the right ventricular 
musculature which were recognizable on macroscopic examination. These hearts 
were the most damaged of any in the series, although microscopic examination 
revealed slight to moderate scarring in the right ventricle of most of the animals 
which had been e.xposed to compressed air for 31 days or longer. Sucli areas of 
scar formation were usually small and consisted only of connective tissue increase 
between muscle fibers. In a few instances, however, there was a slight infiltration 
with mononuclear leucocytes and, in one example, on the sixth day of e.xposure, 
a widespread and active myocarditis of the right ventricle was present. In this 
instance the muscle fibers were degenerating, as shown by large amounts of finely 
divided particles of fat and there was a heavy inflammatory cell infiltration. In a 
number of sections the auricular musculature showed similar areas of inflammatory 
cell infiltration or connective tissue increase between muscle fibers. 

Macroscopic and microscopic e.\amination of the lungs confirmed in most re- 
spects our previous observations (1). On the 3rd day of e.\'posure the lungs showed 
an acute inflammatory reaction characterized chiefly by marked perivascular 
edema, alveolar edema, and pleural effusion. In numerous areas the alveoli 
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contained fibrin and a scattering of mononuclear and poljTiuclear inflammatory 
cells. The alveolar walls showed an increase in polj-moiphonudear leucoc>'tes. 
As in the previous series of rats, the trachea, bronchi, and bronchioles showed no 
evidence of injury^ except in occasional instances in which a small amount of muco- 
purulent exudate was present u-ithin the larger bronchi. In the present study it 
was noted that the pulmonary arterioles stood out more prominently than normal. 
This fact was due chiefly to the surrounding zone of edema and dilatation of the 
accompanying Ijmphatics. However, because of a slight alteration in the stain- 
ing quality of the media and because of a tendency to separation of fibers in the 
arterial walls in occasional vessels, we believe that even at this early period there 
was injury’ to the pulmonary arteries (Fig. 1). One of the most striking histological 
abnormalities was the apparent increase in the thickness of the walls of occasional 
arterioles with a corresponding narrowing of the lumina (Fig. 2) wWch in occa- 
sional vessels gave the appearance of complete closure. The large pulmonary 
arteries were not appreciably thickened after an exposure of 3 days. There was, 
however, marked perivascular edema about them, and slight to moderate fraying 
of the fibers in the adventitia. The fibrils of the connective tissue about many of 
the large pulmonary veins were spread apart by edema. This abnormality was 
not as extensive or as constant as in the case of the pulmonary arteries. In 
several sections the walls of the large veins showed scattered areas of degeneration 
characterized by edema, disappearance of muscle fibers, and a moderate to heavy 
infiltration of inflammatory cells which consisted chiefly’ of mononuclear leucocy'tes. 
Scattered polymorphonuclear leucocytes were also present. Such lesions were not 
accompanied by thrombus formation. 

After more prolonged e.xposure the alterations noted in the alveolar units of the 
lungs were essentially’ the same as those previously observed and described (1), 
the most striking change being hyperplasia and hypertrophy’ of the alveolar lining 
cells. There were also progressive changes in the large pulmonary’ arteries which 
became prominent after 10 days of exposure. 

A tabulation of the measured thickness of the walls of the large 
pulmonary arteries and aorta of the individual rats throughout the 
experiment is given in Table 11. Such measurements were made on 
microscopic sections with an ocular micrometer which had been cali- 
brated on a stage micrometer. 'l\Tiile it is true that some variations in 
the diameters are no doubt due to variations in the locations at which 
the measurements were made and to the difference in the age of the 
various rats, nevertheless we are satisfied that the averages by periods 
of exposure are approximately correct. Sections from approximately 
the same anatomical levels were selected and only those arteries which 
were squarely cut across were measured. One sees from these meas- 
urements of the large vessels that the thickness of the wall of the 
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aorta remained practically constant, whereas the wall of the pulmo- 
nary artery doubled in thickness witliin a period of 10 days and be- 
came three times its normal tliickness after 1 month. Increased re- 
sistance met in attempting to insert the cannula through the wall of the 
main pulmonary artery in all animals exposed to compressed air for 
24 days or longer provided additional evidence of this sclerosing proc- 
ess. No variations from normal were noted on microscopic exami- 
nation in any arteries of the systemic circulation. 

TABLE n 


A Comparison of the Average Thickness of the Large Pnhnonary Artery and Aorta in 
N orvial Rais and Rais Exposed to Compressed Air for Varying Periods of Time* 


Animal series 

Duration ot expos- 
ure to compressed 
air 

No. of animals 
in each group 

Avernge thickness 
of aortic wall 

Average thickness 
of wall of 
pulmonary artery 


days 


tnm. 

mm. 

Control 

0 

13 

0.0982 

0.0477 

Experimental 

3 

5 

0.1029 


(t 

10 

5 




17 

5 


0.1162 

« 

24 

3 



<( 

31 

5 

0.1062 


<{ 

38 

3 

0.1328 


<( 

38t 

5 

0.1162 

0.1714 


* The thickness of the blood vessel walls was measured with an ocular microm- 
eter, calibrated on a stage micrometer. 

I Animals decompressed after 38 days exposure and kept at normal atmospheric 
pressure for 7 to 10 days. 

The microscopic changes noted in the large pulmonar}' arteries after 3 days of 
exposure consisted of a slight increase in prominence of the alternate laj'ers of 
elastic tissue and smooth muscle with some fra 3 dng of the adventitia, presumably 
due to perivascular edema (Figs. 3 and 4). After 10 daj's of e-xposure the la 3 'ers 
of muscle cells and elastic tissue appeared even more prominent and slightly 
thickened. At that time a progressive increase in connective tissue external to 
the media became evident. In the beginning this tissue was loose te.xtured and 
slight in amount. With each succeeding week of exposure this fibrous tissue 
increased and became condensed so that in the late stages of the e.xperimcnt (24 
da 3 's or more) a thick la 3 'er of dense h 3 ’alinized fibrous tissue had formed (Fig. 5). 
As in the previous experiment, this occasionalb’’ resembled fibrocartilage. The 
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marked increase in the thickness of the arterial vralls was due largely to this fibro- 
blastic proliferation outside of the media and not to as extensive an alteration in 
the media as we had formerly thought. It is also worthy of emphasis that the 
thickening process in the large pulmonarj’’ arteries began to make its appearance 
at an earlier date than we previously stated (1). No comparable changes were 
detected in the walls of the large pulmonary veins in the late stages of the 
experiment. 

Although a moderate increase in thickness of the walls of the small pulmonary 
arterioles, together with a visible increase in their number, was seen in this series 
of rats (Figs. 6-8) the marked degree of hyalinization described in the former 
series had not uniformly developed by the end of this experiment. In the previous 
study (1) we commented that: “After 1 month of exposure, the small arterioles 
of the lungs became prominent and apparently more numerous. . . . Their 
walls were thickened and the lumina narrowed. Later, hyalinization of the walls 
occurred and occasionally thrombosis. . . . These changes in the walls made 
the small vessels stand out prominently, which probably accounted for the appar- 
ent increase in number.” Owing to the fact that in this experiment exposure to 
compressed air was not carried beyond the 38th day, it seems reasonable to believe 
that the small arterial lesions were not uniformly as marked only because insuffi- 
cient time had elapsed. 


DISCUSSION 

The anatomical and physiological alterations demonstrated in this 
investigation can be partially explained by a correlation with observa- 
tions already established in clinical and experimental studies by other 
workers. 

Of the mechanical factors stated by Wiggers (7) to conceivably alter 
the pressure and volumes of blood in the pulmonary vessels when 
operating separately or together, namely (1) the minute output of the 
right ventricle, (2) the resistance and capacity changes in the pulmo- 
nary circuit, (3) back pressure resistance produced in the left heart by 
changes in the systemic circuit, the second factor would seem to apply 
more directly in the present interpretation. 

In these studies, pathological changes have been found in the lungs 
which are of such a nature that one might e.xpect them to offer in- 
creased resistance to the pulmonary circulation. During the stage of 
acute oxygen poisoning there is injury to the arterioles as evidenced 
by a thickening of the walls and narrowing of the lumina together with 
alterations in staining properties, as well as capillary' injury' which re- 
sults in pulmonary edema and marked pleural effusion. The latter 
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must necessarily cause considerable lung compression, and lung com- 
pression by pleural exudates has been cited as a probable cause of 
elevation of pulmonary arterial pressure (S). With continued expo- 
sure the pulmonary edema disappears but tlic arteriolar changes per- 
sist and become more marked aird are accompanied by simultaneous 
hyperplasia and hypertrophy of the alveolar lining cells witli resultant 
tliickening of the alveolar walls and a decrease in the number of visible 
blood-filled capillaries. Patchy areas of atelectasis are constantl}^ 
associated with these changes. 

Otlier factors being equal, it would be expected that all of tliese 
changes, whatever the exciting cause, would increase tlie resistance to 
blood flow in the lesser circulation and consequently give rise to an 
elevation of blood pressure in the pulmonary artery and right ventricle 
beginning with the onset of acute oxj^gen poisoning. The fact tliat 
pulmonary hypertension was not demonstrable by the method em- 
ployed (4) until after 24 daj^s of exposure, does not necessarily mean 
that an elevation of pressure was not present in the intact rat prior 
to that time. During the period in whicli there was pleural effusion, 
the fluid escaped on opening the thorax to e.xpose the pulmonary 
artery, thereby eliminating the effect of lung compression on tlie 
pulmonary resistance. Subsequent to tins the increased resistance 
caused by atelectasis and early clianges in the alveolar walls and ar- 
terioles is probably removed when tlie tliorax is opened and the lungs 
subjected to forced artificial respiration, so that tlie existence of pul- 
monary hypertension cannot be demonstrated until after tlie 3rd week 
of exposure when tlie alterations in the arterioles become sufficiently 
advanced to cause permanent obstruction to the pulmonary circula- 
tion in spite of the minimizing influence of the experimental metliods. 

The increase in thickness of the walls of the large pulmonary ar- 
teries whicli was constantly present after the lOtli day and progressive 
throughout the duration of the experiment was present before pulmo- 
nary hypertension was demonstrable. It would seem reasonable to 
believe that this change was due to prolonged stretching from over- 
distension secondary to pulmonary hypertension wliich we believe 
to be present from the beginning, although not detectable by tliis 
experimental method until later. Tliis sclerosing process consisted 
cliiefly of the formation of new connective tissue around the media of 
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perivascular edema. These changes appeared very similar to the 
renal arterial lesions seen at autopsy in patients dying from malignant 
hypertension. 

3. Pathological examination did not reveal significant or constant 
changes from normal in any organs except the lungs and heart. The 
blood vessels of the systemic circulation showed no pathological 
change. 

4. The walls of the large pulmonary arteries increased in thickness 
rapidly after the 3rd day of exposure. This change was due to the 
progressive formation and condensation of fibrous tissue outside of the 
media and to a lesser extent to thickening of the alternate layers of 
elastic tissue and smooth muscle in the arterial wall. 

5. Marked dilatation of the right ventricle and conus arteriosus as 
well as small areas of scar tissue formation in the right ventricle were 
present on prolonged exposure. A few hearts showed larger areas of 
fibrosis that were visible on macroscopic examination. 

6. The systemic arterial blood pressure of a small series of rats ex- 
posed to compressed air for 38 days and examined 7 to 10 days after 
decompression was in each instance less than one-half the average 
normal pressure. 

7. The findings in this study are consistent with the clinical and 
pathological signs of pulmonary h3^ertension in man. 

8. The anatomical alterations observed in the alveolar units of the 
lungs were essentially the same as those previously described (1). 

9. A method has been devised whereby pulmonary arterial hyper- 
tension, accompanied by important sclerotic changes in the arteries of 
the pulmonary circulation can be induced for investigation. 

It is a pleasure to express our gratitude to Dr. C. K. Drinker for 
helpful suggestions throughout this study and for technical assistance 
in the determination of the systemic blood pressure. We are also 
indebted to Mr. R. M. Thompson for assistance in operating the 
pressure chamber. 
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EXPLANATION OF PLATES 
PlATE 16 

Fig. 1. Lung of a rat exposed to compressed air for 3 da>'s showing marked 
perivascular edema and leucoc>-tic infiltration about large and small pulmonary 
arteries. One should also note the intensity with which the small arterioles have 
stained and the marked thickening of the wall and narrowing of the lumen of one 
arteriole. Section stained with eosin and methylene blue. X 82. 

Fig. 2. A thickened and narrowed pulmonary arteriole, such as were occasion- 
ally seen after 3 daj's of exposure to compressed air. Eosin and methylene blue. 
X2i5. 

Fig. 3. Large pulmonary artery in a normal rat. Eosin and methylene blue. 
X 86. 


PlAXE 17 

Fig. 4. A large pulmonarj- artery of a rat exposed to compressed air for 3 days. 
Note the marked perivascular edema, cellular infiltration, and frajdng of the 
adventitia. Eosin and methylene blue. X 82. 

Fig. 5. A large pulmonarj'arterj' comparable in size to Figs. 3 and 4, showing 
marked increase in fibrous tissue external to the media. Rat exposed to com- 
pressed air for 38 days. Hematoxylin and eosin. X 82. 

PlATE 18 

Fig. 6. Lung tissue of a rat which had been exposed to compressed air for a 
period of 38 days. Note the increased cellularity of the alveolar walls and the 
numerous and prominent thick walled pulmonarj' arterioles. Hematoxj'lin and 
eosin. X 82. 

Fig. 7. Three thick walled hjnlinized arterioles. Rat exposed to compressed 
air for 38 daj's. Hematox>'lm and eosin. X 180. 

Fig. 8. A greatly thickened, narrowed, and hyalinized pulmonar>- arteriole. 
Duration of exposure 38 days. Hematoxj’lin and eosin. X 500. 
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ENERGY METABOLISM OF THE FAILING HEART 

By GEORGE DECHERD, M.D., and IvIAURICE B. WSSCHER, M.D. 

{From ihe Department of Physiology, College of Medicine, University of 
Illinois, Chicago) 

(Received for publication, November 3, 1933) 

Starling (1915) showed that the normal heart dilates only when in- 
creased work is throttm upon it. In disease the heart dilates without 
any increase in work imposed upon it. It is obviously of importance 
to know in what particulars the failing heart differs from the normal. 
The experiments recorded here amplify the results of Starling and 
Visscher (1927) in elucidating this problem. In their experiments 
it was found that the energy liberation in the normal heart is fixed 
by the size of the heart at the beginning of contraction; i.e., at the end 
of diastole. The size of the heart is a measure of the length of the 
muscle fibers; consequently their results may be expressed by saying 
that the quantity of energy liberated in contraction is determined by 
the length of the fiber at the time of contraction. 

As a matter of fact, we are more fundamentally interested in the 
amount of work the heart can do than we are in the total energy it can 
liberate. Therefore the proportion of the total energy which can be 
put to useful work, which is the efficiency, becomes a matter of first 
importance. In cardiac decompensation in man, as well as under 
certain conditions in experiments on hearts of lower animals, the 
heart dilates progressively in spite of a uniform or even decreasing 
load. One ordinarily speaks of such a heart as having poor tone. 
The heart of a decompensated patient does little work in spite of its 
enormous size and its apparent effort. The question as to whether 
the heart xmder these circumstances is defective in liberating less 
energy than a normal heart would, or is defective in beiog unable to 
use the energy for work in ejecting blood, was investigated by Starling 
and Visscher (1927). They found that when the mammalian heart 
lost its normal tonus, and dilated enormously in order to do amounts 
of work that when fresh it could do at small volume, the total energy 
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liberation was not at all diminished; only the proportion of the total 
energy which could be converted into work was diminished. That is to 
say, the efficiency of the heart muscle as a macliine was found to fall 
as the condition of the heart deteriorated. There was no lessening 
in the quantity of energy made available. 

It has been necessary to reinvestigate these problems because 
Stella (1931) questioned the reliability of the earlier results. De- 
cherd and Vissclier (1933), and Moldavsky and Visscher (1933, 1934), 
have indicated the errors which led Stella to fallacious conclusions. 
Certain observations upon failing hearts are described here because 
of their importance to an understanding of the physiology of decom- 
pensation. 

In these experiments the total energy liberated in contraction was 
calculated from measurements of the oxygen consumption. The 
latter was measured by a modified Barcroft differential manometer 
method, observing the decrease in volume of oxygen in the vessels 
containing the turtle heart and the perfusion fluid, wliile the carbon 
dioxide was being removed from the air by potassium hydroxide pres- 
ent in a porous plate suspended in the vessel. A compensating ves- 
sel of equal air volume automatically corrected for temperature 
changes, which were witliin 0.005°C,, since the bath itself was con- 
trolled within that limit. The relatively large volume of oxygen in 
the system made sucli accuracy in temperature control necessary. 
The energy converted to work was calculated from the pressure and 
the output. The pressure was measured with a membrane manome- 
ter and the output was observed by employing the closed cliamber 
around the heart as a cardiometer, recording changes in tlie volume of 
air within it by means of a properly calibrated tambour. A more de- 
tailed description of the apparatus and methods used has been pub- 
lished by the authors (1933) in a previous paper. 

A heart perfused with Ringer’s solution for a long time sponta- 
neously dilates and fails to eject as much blood as enters between 
contractions. It can be therefore said that when the heart begins to 
fail the condition becomes evident in an inability to keep up its out- 
put per beat at a given diastolic volume. In Fig. 1 are shown the 
results of a typical experiment in which the volume in diastole was 
kept constant while the heart was failing. More than twenty-five 
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concordant experiments have been performed. It can be seen that 
the work the heart was able to do falls off very rapidly. It is equally 
obvious that the energy liberated per beat does not di min ish at all 
during the time of observation. This has been the invariable result 
of many observations. It appears, therefore, that in the decompen- 
sating heart the defect is not in a failure of the heart to liberate enough 
energy to do its work. It can stiU liberate as much energy as it ever 
could. Its defect hes rather in an inability to employ the energy for 
useful work. This is entirely aside from any valvular defects which. 
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Fig. 1. In this experiment the ventricle was held at constant diastolic volume 
over several hours. The energy liberation remains constant, but the work done 
falls o5 markedly as the condition of the isolated heart deteriorates. 


of course, also diminish the efficiency of the heart. The machine 
which does mechanical work with the energy of contraction is out of 
order. The extent of this defect is measured by the efficiency of the 
heart. In Fig. 2 are plotted the results of two experiments in which 
the efficiency of the failing heart was measured for several hours during 
which its condition was becoming steadily worse. \\Tien this im- 
pairment occurs the ventricles are obliged to dilate to a ^eater dias- 
tolic fiber length in order to do the work imposed upon them. Thus it 
is apparent that the dilated heart, which one describes as having poor 
tone, is in reality simply one with low mechanical efficiency. 
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These observations have many implications for clinical medicine. 
It is at once apparent that the failing heart is not in need of fuel, but 
rather of materials for repairs. Visscher and Muller (1927) and Bodo 
(1928) investigated certain agents wliich improved the condition 
of the isolated heart and found that insulin was conspicuous among all 
substances employed in restoring the tone or, in other words, effi- 
ciency, of isolated working hearts. Further experimentation along 
this line is in progress in this laboratory. 



Fig. 2. The results of calculations of efficiency in two experiments are plotted 
in this figure. It wiU be noted that the mechanical efficiency gradually falls off 
over the period of several hours’ observations. The diastolic volume was held 
constant throughout. 

There are also agents which diminish the efficiency of heart muscle. 
Starling and Visscher found that adrenalin, although it caused a 
great increase in total energy liberation, produced a marked lowering 
of efficiency, and therefore left the heart in worse condition than it had 
been before. Although temporarily stimulating to energy liberation 
by the heart, adrenalin eventually leaves the heart muscle less effi- 
cient and must therefore frequently be very harmful to a weakened 
myocardium. 
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SUMMARY 

The failing heart is found to liberate energy in contraction to the 
same extent at any fiber length as the normal heart muscle, but it is 
unable to convert as much of the energy into useful work. Its effi- 
ciency as a machine is impaired. In the light of these observations 
the word “tonus” as applied to heart muscle becomes synonymous 
with “efficiency.” The implications of these findings in applied 
cardiology are discussed. 
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SWINE INFLUENZA 
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By RICHARD E. SHOPE, M.D. 

{From the Department of Animal and Plant Pathology of The Rochefdler Institute 
for Medical Research, Princeton, N. J.) 

(Received for publication, November 4, 1933) 

In experiments published earlier (1-3) it has been shorvn that both 
a filtrable virus and the organism, E. influenzae siiis, are etiologically 
essential to the production of influenza in swine. AH five strains of the 
disease studied have been highly contagious. Animals infected by pen 
exposure to cases of the disease developed typical influenza identical 
with that produced by inoculation intranasally with virus and organ- 
ism. Furthermore, in swine infected by contact both the virus and the 
organism could be demonstrated as having transferred. 

During the spring and summer of 1931, when a strain of the disease 
was being passed through swine every 6 weeks to preserve it for subse- 
quent experimental work, a change in its contagious character oc- 
curred. It is the purpose of this paper to describe and interpret the 
change. 

A Change in the Contagious Character of a Strain of Swine Influenza 

The change in contagion occurred in a strain of the disease in which 
the etiological components were Virus 15, obtained originally from 
Iowa in December, 1930, and E. influenzae suis Culture 451, the bac- 
terial component of the first strain of swine influenza obtained from 
Iowa in November, 1928. This combination of virus and organism 
had been used in inducing influenza in swine during intensive work 
with the disease throughout the winter of 1930-31. During this time 
it regularly caused, when administered intranasally to swine, an in- 
fluenza that was characteristic in all respects and that was known to be 
fully contagious as late as March, 1931. 
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The general plan followed for preserving the virus during intervals between 
experiments was to store it in the refrigerator either in 50 per cent glycerol or 
dried by Swift’s method (4). During the spring and summer of 1931, when the 
change in contagion to be discussed took place, the virus was stored only in the 
dried state. The bacterial component of the etiological complex, E. infiuenzae 
suis, which does not regularly survive such storage, was maintained by weekly 
transfer on plain agar slants containing 0.75-1 cc. of sterile defibrinated horse 
blood at their bases. The usual procedure at each 6 weeks passage w'as to prepare 
an approximately 5 per cent suspension of the dried virus and administer 10 cc. of 
this suspension mixed with 1 cc. of the bloody condensation fluid from a 24 to 48 
hour culture of E. hijlucuzac suis intranasall}' to each animal to be infected. 
Clinically and pathologically characteristic swine influenza developed in the 
swine inoculated at each passage. The animals were sacrificed on the 3rd or 4th 
day following infection and pathological lung, bronchial Ij'mph nodes, and bron- 
chial exudate were saved to dry by Swift’s method to furnish virus for the next 
passage. Cultures of E. influenzae suis w'ere not saved from tlie passage animals. 
A stock laboratory strain of the organism was used throughout in conjunction with 
the passaged virus. 

In September, 1931, during the time that the disease was being 
maintained by passage at 6 week intervals, an attempt was made to 
pass it by contact. Instead of contracting swine influenza, as was 
to be expected from previous experience with the disease, the contact 
animal developed only a very mild, afebrile, and transient illness 
similar to that described in an earlier paper (3) and called the “filtrate 
disease” because it is produced by the intranasal infection of swine 
with the swine influenza virus alone. 

In a series of seven subsequent contact experiments in wliich normal 
swine were exposed to animals suffering from the apparently typical 
influenza induced by Strain 15 swine influenza virus and H. influenzae 
S7iis Culture 451 no cases of influenza occurred. Instead, all of the 
exposed swine developed, after an incubation period of from 2 to 6 
days, only a very mild and transient illness which clinically and patho- 
logically resembled the filtrate disease. Bacteriological examination 
of their respiratory tracts failed to reveal the presence of H . mfljienzac 
suis, further supporting the view that we were dealing with the filtrate 
disease and not merely with an unusually mild form of swine influenza. 
The illness contracted by the animals infected by contact was shown 
to be transmissible in series by pen e.xposure, and two swune allowed to 
recover were found later to be solidly immune to swine influenza as 
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induced by intranasal inoculation with virus and S. influenzae suis (5). 
The above facts, considered collectively, were in accord with the view 
that the mild illness, contracted by animals exposed to swine influenza 
as induced by Strain 15 virus and E. influenzae suis Culture 451, was 
filtrate (hsease and was caused by the transfer of virus without the 
corresponding transfer of the organism to the exposed animals. That 
the organism still maintained its ability, when once established in the 
swine respiratory tract, of acting noth the virus in inducing character- 
istic swine influenza was shown by the regularity with which infec- 
tions could be produced by the intranasal inoculation of swine with 
organism and \nrus. 

It was evident that sometime after March, 1931, when the strain of 
swine influenza imder discussion was last known to be fuUy contagious, 
a change had taken place in one or both of the etiological agents to 
alter the contagious character of the complete disease in the manner 
described. In order to determine definitely whether the failure of 
E. influenzae suis Culture 451 to establish itself in the swine respira- 
tory tract tmder conditions of infection by contact was due to some 
change in its own properties or to some change in the character of the 
virus with which it was associated, a fresh epizootic field strain of 
swine influenza was obtained. 

Experiments unlJi a Fresh Field Strain of Epizootic Smne Influenza 

A vridespread outbreak of swine influenza which occurred among the swine on 
exhibition at the Iowa State Fair early in September, 1932, furnished fresh infec- 
tious material. Lung, bronchial exudate, and bronchial h-mph nodes from an 
animal killed on the 3rd day of a t>-pical but severe illness were brought back to 
the laboratorj' on ice. Cultures, revealing large numbers of E. influenzae suis 
in the lung and bronchial exudate had been made before leaving Iowa. A normal 
pig inoculated intranasally with a -suspension prepared from the patholo^cal 
material brought back, and fortified by the addition of the cultmes that had been 
isolated before lea^■i^g Iowa, developed characteristic swine influenza. This fresh 
field strain of the disease proved to be fully and tj-pically contagious, and H. 
influenzae suis was isolated in pure primary culture from the lung and bronchial 
e-xudate of the pig infected by contact. The new \-irus was designated Strain 18, 
and the associated bacillus, H. influenzae suis Culture 18. 

The means were now available for determining which of the two 
etiological components of the old stock strain of swine influenza was 
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responsible for the cliange in its contagious character. This was done 
by substituting the individual components of the freshly obtained and 
fully contagious field strain of the disease for corresponding compo- 
nents of the old stock strain. Representative experiments in which this 
was done are outlined in Table I. 

In the experiments given in Table I, the virus used was in all instances filtered 
through Berkefeld candles, adding broth cultures of B. prodigiosus as tlie test 
organism. All filtrates were cultured on media capable of supporting the growth 
of both B. prodigiosus and H. influenzae suis and all virus samples recorded were 
bacteriological!}'' sterile. The cultures of H. influenzae suis used in the experi- 
ments were grown in sterile defibrinated horse blood at the bases of plain agar 
slants, and all Strain IS cultures were transferred frequently enough, before use, 
to free them of any swine influenza ^drus carried over mechanicall}' from tlie 
infectious material used as a source. The Strain IS culture when administered 
alone intranasall}’' to swine ■was shorvn to be completely incapable of inducing any 
clinical evidence of illness or pathological alteration detectable at autopsy. 

The data presented in Table I indicate that Strain IS virus and 
Strain IS culture, when mixed and administered intranasally to swine, 
induced characteristic swine influenza, fully contagious for normal 
animals. Strain 15 virus mixed with Strain IS culture and adminis- 
tered intranasally to swine also produced a fully contagious swine 
influenza. However, when Culture 451 was substituted for Culture 18, 
with either Strain 15 or 18 virus, the disease produced by intranasal 
inoculation, while clinically and pathologically characteristic of snane 
influenza, was not fully contagious for normal animals. Instead of 
swine influenza, these animals infected by contact developed the mild 
filtrate disease. It was thus apparent tliat the change in the con- 
tagious character of the old stock strain of swine influenza had been 
due to some biological alteration in Culture 451 and that Virus 15 was 
in no way responsible. Experiments are now being carried on to 
determine some significant difference between Culture IS and Culture 
451 which will account for the latter’s failure to transfer with the swine 
influenza virus in contact infections. 

The Production of Swine Influenza by Contact in Animats Experi- 
mentally Converted into Carriers of H. influenzae suis 

A small group of experiments performed earlier acquire particular 
interest following establisliment of the fact that the change was in the 



— SHOPE 

Theie"^" be component ot tb ■ 

because tbev infprt;^ . be of some 

'« bfeS and also 

MuenaarepresenteTT • "> “a old stS . “ 

transferred win u,e vLs. “A«4'Sr haJtt 

influenza route a snij^„ ^4 of if k 

control animal which ‘developed charactS/ ^tiate of 

It concluded from Si deveW^'^ S "“^“^nza A 

inoculation with th^ ■ ™ experiment thaf ^ filtrate Hi 

swine influenza p ^ Produced by innr,'i suis Culture’ ri ^®ri- 

Uloculation. ^ “to the pen ^Se S^fd “ 

In all three exoeri ^°°° 

to the old stock cf • carriers of 5 " 

pario* of from 24 ^7/1™' ^“'”aa, £'ZZT) ''^“ad 
nne mfluenza. Ail thr ^ tiaracteristic h <■’ bicubation 

P'tformcd earlier, 7'^ ‘«th day. As 7 aarenrelyt^ 

ttiat induced by 



Contagion of Swine Influe 


208 


SWINE INFLUENZA. V 




RICHARD E. SHOPE 


209 




210 


SAVINE INFLUENZA. V 


intranasEl inoculation with mixtures of virus and H. injltienzac siiis. 
With so small a series of cases no conclusion is drawn at this time. 

No controls for the patliogenicit}’^ of H. iujluciizac siiis alone were included in the 
experiments given in Table II because Culture 451, whicli was used, had been 
tested repeatedly, both in previous j'cars and rccentl}’’, and found, witli tlie excep- 
tion of a test made very shortly after its isolation in 1928, to be uniformly incapa- 
ble of inducing illness that could be confused with influenza (2). It has, further- 
more, been tested since the experiments recorded in Table II were conducted and 
found to be still completely non-pathogcnic for swine. Swine that were converted 
into carriers of B. iujluciizac suis were under observation and exliibited no evi- 
dence of illness or elevation of temperature to a fever level not only for the 24 to 
72 hours elapsing between the time of inoculation with the organism alone and 
their e.\'posure to the disease, but also during the 24 to 48 hour latent periods be- 
tween their exposure and the onset of their illness. The}' were therefore recorded 
as negative under the heading of “clinical picture” in Table II. 

The results described above accord witli the conclusion already 
reached that the contact infection in pigs exposed to the old stock 
strain of swine influenza is one in which E. influenzae suis is unable to 
establish itself Avitli the virus in the respiratory tracts of the exposed 
animals. The resulting illness, identical with the filtrate disease, is 
due to infection with the swine influenza virus alone. 

DISCUSSION 

The experiments reported in this paper may prove to be of interest 
in the general problem of respiratory infections in that they demon- 
strate three types of infection possible with an etiological complex 
made up of a virus and a bacterium. The first of these types is that 
seen in the epizootic disease in winch both virus and H. influenzae suis 
transfer from sick to normal animals by exposure. The second and 
third types, while not known to exist under field conditions, are none 
the less possible. They are exemplified by the experiments given in 
Table II. In these two types only the virus transfers by contact from 
side to normal animals and the severity and type of the resultant dis- 
ease are dependent upon whether or not the infected animal is a 
carrier of H. influenzae suis. If it is not, it develops only a very mild 
and transient illness which, however, is transmissible to other swine. 

If it is already a carrier of H. influenzae suis, infection with the virus 
produces true swine influenza. Thus, in a hypothetical swine popula- 
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tion in whidi some of the animals were carriers of E. influenzae sids 
of the type of Culture 451, introduction of the swine influenza virus 
would result in two kinds of disease clinically quite different: swine 
influenza in the carrier animals, and an extremely mild and poorly 
defined illness in the remainder. In this population it would not be 
impossible for a carrier to develop a fatal infection from exposure to a 
very slightly sick non-carrier, and, in turn, the infection transferred 
from the fatally ill carrier animal to one that was not a carrier might 
be so slight as to be scarcely recognizable. If now, in this hypothetical 
population, there was one animal carrying an H. influenzae suis of the 
type of Culture 18, capable of transferring with the virus by contact, 
the disease would undoubtedly proceed as epizootic swine influenza, 
infecting each new case with both virus and organism regardless of 
whether or not it had previously been a carrier. 

smoiARY 

A strain of swine influenza has been observed to change from a 
condition of full contagiousness, in which both E. influenzae suis and 
the swine influenza virus were transferred by pen contact, to one of 
only partial conta^ousness, in which the virus alone was transferred, 
resulting in the mild filtrate disease instead of swine influenza in 
animals infected by contact. Swdne that had been experimentally 
converted into carriers of E. influenzae suis developed swine influenza 
following contact with animals infected with the altered strain of the 
disease. Experiments in which the etiological components of a freshly 
obtained and fully contagious strain of swine influenza were substituted 
for the corresponding components of the altered strain of the disease 
revealed the fact that the change in the contagious character of the 
latter was due to an alteration in the bacterial component of the 
etiological complex and that the virus component was in no way 
responsible. 
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ON SPECIFIC INHIBITION OF BACTERIOPHAGE ACTION 
BY BACTERIAL EXTRACTS* 


By PHILIP LEVINE, M.D., and A. "W. FRISCH 

[From the Laboratory oj Pathology and Medical Bacteriology, University of Wisconsin, 

Madison) 

(Reedved for publication, October 18, 1933) 

In a brief note dealing with the specificity of bacteriophage on 
organisms of the typhoid group, Hadley (3) mentioned the hypothesis 
that the action of phage on the sensitive bacillus is determined by the 
constitution of the heat-stable agglutinogens. The theme has been 
considered by Burnet in investigations covering the several recognized 
groups of the Salmonella organisms (4-6). It is generally agreed that 
lysis by phage requires a preliminary absorption of the active agent 
onto the bacterial surface, and the assumption is that the specificity of 
the absorption is attributable to the carbohydrate haptens which in the 
case of the Salmonella group of organisms, as shown by Furth and 
Landsteiner (7, 8), are endowed with the same specificity as the heat- 
stable agglutinogens. The hypothesis of Hadley and Burnet requires 
that the agglutinin-absorbing property of an organism and its phage- 
absorbing capacity run parallel. 

The evidence for the hypothesis is based in the main part on direct tests of 
phages on representative cultures of the Salmonella group. Thus, in the experi- 
ments of Burnet made on agar plates a certain phage rvhich lysed B. entcritidis, 
lysed also several organisms which share with the former staun the same heat- 
stable agglutinogens (heat-stable factors), namely B. pullorum, B. sanguinarium, 
B. lyphostis, but did not act on cultures of B. aertryche, B. derby, B. paratyphosus 
A, and B. naeporl. That the heat-labile flagellar antigens played no role in the 
specificity, was shown by the action of this entcritidis phage on the non-motile 
organisms B. pullorum and B. sanguinarium. Other phages active for B. entcri- 
tidis were not entirely specific but merely gave a greater incidence of reactions on 
the typhold-cntcritidis group of bacilli than on those of paratyphosus A or para- 
typhosus B. 

Further support for the hypothesis that the spedfidty of phage depends upon 
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the same antigenic components that have affinity to antibodies, was found by 
Bumet in tlie specific behavior of rough and smooth cultures to a series of phages. 
In accordance with a striking cliange in antigenic specificity, as evidenced by both 
agglutinin absorption experiments and also distinct bacterial carbohydrate 
extracts, accompanying tlie change of phase from smooth to rough, there was a 
more or less sharp difference in the behavior of the two sorts of cultures to phages. 
Thus Burnet described phages whicli acted mainly on a smooth phase, others 
whicli lysed mainlj' rough derivatives of the same bacilli, and a third variety which 
acted on both (5).^ There were indications also tliat phages sensitive for the 
rough organisms gcnerall}'’ had a more extensive scope of action covering several 
species of the Salmonella, an observation w'hich is in harmony with the loss of 
specific antigens in such strains and the presence of an antigen common to the 
entire group (4)“ (6).® 

Burnet’s experiments with both the Flexner group of dysentery organisms and 
varieties of staphylococci are also in harmony with the view expressed above 
(9, 10). Of particular interest in this connection is an early observation of Mar- 
cuse (11) who described a phage active for B. dyscntcriae Flexner T 3 Tpe Y, and also 
for certain coliform strains; onlj*^ tlie sensitive coliform orgam'sms, and not the 
resistant strains, absorbed the agglutinins for the Tj^ie Y organisms. 

Burnet recognized that a number of liis own observations as well as 
those of others were not compatible with the hypothesis under con- 
sideration.'* In the first place, as already mentioned, some of the 
phages, although apparently selective for a certain group, reacted also 
with cultures outside of the group. Also the organisms obtained from 
the overgro'wth after the action of phage on sensitive bacilli and in tlie 
same phase as the parent strain are resistant to lysis, although it is not 
possible to demonstrate a difference in the heat-stable agglutinogens 
in the two strains by cross-absorption of the tw'O sorts of sera (13, 14). 
The lack of action of phage on sucli resistant cultures can be under- 
stood if these organisms fail to absorb the phage particle, presumably 
by virtue of a corresponding cliange in 'the specific carbohydrate 
complex not serologically detectable (6). Wliile the failure of phage 
absorption by resistant organisms has been reported by Bumet (13), 
Prausnitz and Firle (15), Lepper (16), Kimura (17), and others, 

* Burnet (5), Table 1, p. 19. 

^ Burnet (4), Table S, p. 127. 

® Bumet (6), Table 1, p. 654. .« •» , nf 

^ More recently Bumet (12) has published on other aspects of the speafaaty 
bacteriophage, using the antiphage reaction together with tlie various resistance 
groups after the metliod of Bail. 
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specificity of antigen-antibody reactions, liave thus far yielded con- 
flicting results. Consequently for the further investigation of the 
question, the important experiments of Prausnitz (15) and Burnet (6), 
designed to demonstrate a reaction between phage and specific soluble 
substance, were repeated. We employed lysis in test-tubes instead of 
placque counts since it appears from the literature (21) that the former 
may be a more delicate criterion of phage activity, allowing for con- 
tinuous observations on the progress of lysis. Under such conditions, 
as the following data show, clear-cut specific inhibition of phage 
action by bacterial extracts was obtained. 

Description of M aterial 

Phages . — All the phages emplo3'ed in these experiments were obtained from 
chicken stool filtrates. The titer of tlie phage was increased b}' several successive 
passages in beef extract broth (pH 7.4-7.6) against the homologous organism. 

Cultures . — The cultures were the same emplojmd bj-^ Furth and Landsteiner (8) 
in their studies on precipitable substances of the Salmonella group and were 
originally obtained by them from the National Collection of Tj'pe Cultures, Lister 
Institute, London. 

Bacterial Extracts . — The carbolp'drate-containing extracts were prepared, on 
the whole, according to the method of Furth and Landsteiner (8). Organisms 
were grown in Blake bottles on beef extract agar for 48 hours at 37°C. The bacilli 
were taken up in 0.85 per cent sodium cliloride solution, centrifuged, and tlie sedi- 
mented bacteria were suspended and washed in 95 per cent alcohol. The bacterial 
mass was extracted in boiling 95 per cent alcohol (10 cc. per bottle) and tlien m 
absolute alcohol (5 cc. per bottle). After centrifugation tlie alcohol-extracted 
bacteria were heated twice for 1 to 2 hours in a steam bath in 0.85 per cent sodium 
cliloride solution (5 cc. per bottle). The combined saline extracts were precipi- 
tated with 3 to 4 volumes of 95 per cent alcohol. (The precipitation of proteins by 
acid from the saline extracts and the addition of alkali prior to flocculation by 
alcohol were omitted from our procedure.) The precipitates were tlien washed m 
absolute alcohol, etlier and dried. 

EXPERIMENTAL 

The experiments were made in the following manner: the crude bacillary' saline 
extracts of B. dyscutcriac Shiga and B. paratyphosus B were dissolved in saline m 
sufficient amounts to make a 1:200 solution and filtered through a Seitz filten 
Equal volumes (0.25 cc.) of the extracts and dilutions of phage were mixed and 
incubated at 37° overnight. The test to detect inhibition was made the following 
day by' adding 4.5 cc. beef extract broth to each of tlie tubes together with 3 to 
drops of a young suspension of the homologous test organisms (1 loopful o a 
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TABLE I, a 

Test vnlh B. dysenteriae Shiga 


Dilations of anli-B. dysenteriae Shiga phage 
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TABLE I, b 

Test with B. paralyphosus B 


Phage dHution Iccubated 


DUu-tions of anti-B. fcratyphosus B phage 
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Readings were made after incubation at 37° for 3, 5, and 7 hours following the 
addition of the test organism. 

In these and in the following protocols, d indicates dearing, tr, trace, and the 
signs db, +, +±, ++, ++±,etc, indicate increasing degrees of turbidity. 


young agar slant to 50 cc. broth). The mixtures were incubated and turbidity 
readings were made at frequent intervals in order to follow the course of the l>-sis. 
Tests were made at the same time with anti-R. paratyplwsiu B phage and with 
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anti-5, dysciilcnac Shiga phage in order to make observations on the specificity of 
the reaction. 

The results in Table I showed a distinct specific inhibition of phage 
action by the homologous carbohydrate-containing extract. Thus, 
the course of 13'^sis was specifically’^ delayed only for a short interval in 
those tubes containing the larger quantity of phage and the effect was 
seen onl}'^ in the early readings; whereas in the tubes containing small 
quantities of phage, the more striking effects were observed in the 
later readings. 

In the experiments tabulated there was little or no inlubition 
resulting from contact with tlie heterologous extract, but in several 
cases a slight non-specific inhibition was at times evident in the tubes 
containing the smaller quantities of phage. In a few instances in 
which this effect was observed it did not increase much on prolonged 
incubation and did not obscure the specificity. 

The specific effect in the case of the Shiga piiage was still present on the following 
day but in the phage for B. paralyphosus B overgrowth occurred rapidly in tliose 
tubes which had cleared, so that the inhibition was more or less obscured. How- 
ever, the effect could still be verified even in tlie set of tubes which were equally 
turbid (for instance those containing phage 10“^ and by tlie observation tliat 
where heterologous substance w'as present the turbidity was due to organisms 
resistant to phage; in the tubes containing the homologous extract, hoivever, the 
union of phage and extract completely inhibited Ij’^sis so tliat the bacteria still 
remained sensitive to fresh addition of the lytic agent. 

For routine experiments, observations were made at frequent in- 
tervals until lysis in the control progressed practically to its end- 
point. 

At this point it may be mentioned that in several experiments the 
specific inhibition was evident when placque counts w'ere used as a 
criterion of phage action. In these tests the incubated mixtures were 
plated together with a few drops of a young suspension of homologous 
organisms. 

The Effects of Time and Temperature 

For further progress it seemed desirable to gather information 
relative to the conditions most suitable for the demonstration of the 
specific inhibition. 
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For this purpose, mixtures containing 4 volumes (1 cc.) of varjing dilutions of 
anti-J3. dysenieriae Shiga phage and 4 volumes (1 cc.) of crude saline extracts, vrere 
prepared in a manner similar to those of the previous experiment. These mixtures 
vrere divided into four equal parts, each tube of the series containing 0.25 cc. of 
phage and 0.25 cc. of the crude extract. One part was allowed to incubate over- 
night at 37°C., another kept overnight at room temperature, a third set for the 
same period in the ice chest, and the fourth was tested without previous incubation. 
The tests were made b)' adding 4.5 cc. of beef extract broth to each of the tubes 
followed by 3 drops of a 1 hour old broth suspension of B. dysenieriae Shiga. The 
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The reading recorded was made after incubation at 37’ for 7 hours following the 
addition of the test organism. 

* Since the degree of non-specific inhibition was negligible, the saline controls 
were omitted from the table. 


tests were incubated at 37° and turbiditv- readings made at frequent intervals to 
observe the course of lysis. 

Due to lack of space, one representative turbidity reading is given, 
save in Table I where several are presented to illustrate the general 
course of events. WTiile the results are definite as shown in Table n, 
and in all others containing a single reading, the effects, in all cases, 
were clearer when the progress of lysis was observ'ed at frequent 
intervals. 
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These tests showed that the most pronounced inhibition occurred in 
those mixtures incubated overnight at 37°. Practically no effect 
could be seen in the mixtures kept in the refrigerator. In the other 
two sets intermediate results were obtained, the inhibition being more 
distinct in the mixtures held overnight at room temperature. It is 
noteworthy that the inhibition was better in the unincubated mix- 
tures (tubes with phage 10“^) than in those incubated overnight in the 
ice box. 

In similar experiments using anti-B. paraiyphosus B phage, the 
results, on the whole, corresponded to those obtained with the anti- 
B. dysenteriae Sliiga phage, in that the best effect was observed in the 
set incubated overnight at 37° and the least in the set kept at the 
lowest temperature. The results differed in that the tests with anti- 
B. paraiyphosus B phage kept in the ice box and the series without 
incubation showed inhibition of lysis which was more distinct than the 
corresponding tests with anti-B. dysenteriae Shiga phage. From these 
observations it follows that the specific union of the anti-B. paraiy- 
phosus B phage and bacillary extract may be greater than that of the 
anti-B. dysenteriae Shiga phage and Shiga bacillary extract. An 
alternative view, however, is that the affinity between the anti-B. 
paraiyphosus B phage and the homologous bacillus is weaker than the 
union of the anti-B. dysenteriae Shiga phage and the Shiga bacillus. 

Another series of experiments was made wth the two phages in which tem- 
peratures of 37°, 45°, and 55°C. were employed and intervals of incubation varj'ing 
from 3 to 14 hours. These indicated that incubation of the mixtures at the higher 
temperatures did not yield a specific inhibition which was markedly better than 
that obtained after incubation for the same length of time at 37°. Consequently 
for all further experiments the routine procedure of incubation at 37° overnight was 
adopted. In addition these tests showed an increase in the specific inhibition with 
the time increment at any one temperature employed. Again the two phages 
behaved differently in that the degree of inhibition, especially after the shorter 
period of incubation, was distinctly better in the case of the anti-A. paraiyphosus 
B phage. 

It is still to be determined whether these conditions of time and 
temperature obtain, also, for other phages and extracts derived ffiom 
other organisms. That the state of affairs may be somewhat differ- 
ent for other cases seems not unlikely in view of the differences in the 
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properties of the anti-5, dysentcriae Shiga and anti-5, paraiyphosits B 
phages just discussed. 

Specificity of Phage Inhibition within the Salmonella Group 

It has been demonstrated in the first part of this paper that the 
action of the anti-5, paratyphosus B phage and the anti-5, dysenteriae 
Shiga phage is specifically inhibited by extracts of the homologous 
bacilli. These organisms, horvever, belong to entirely diflterent and 
unrelated species. A more severe test of the specificity of the reaction 
could be applied to extracts of organisms and phages vdthin the 
Salmonella group which, although possessing a nmnber of substances 
in common (those connected with flagellar antigens, the substance G 
in the terminology of WTiite (22), and some proteins studied by Furth 
and Landsteiner (7) and also WTiite (24)) nevertheless fall into distinct 
groupings which are defined by the distribution of the various soluble 
specific substances of the heat-stable or somatic factors. 

One series of experiments was made with extracts and phages for B. para- 
typhosus B (somatic factors I and 11), and for B. suipestifer (somatic factor V). 
Both phages were specific in their reactions on the two cultures when the tests were 
put up in tubes. The tests were made in the usual manner, save that a trace of 
alkali was employed to aid solution of the extracts. 

The results. Tables m, a, and in, h, show a striking specific inhibi- 
tion of the two phages since the course of the Ij’sis of the anti-5. 
suipestifer phage was distinctly retarded by the homologous extract 
but only slightly bj’’ an extract of 5. paratyphosus B. On the other 
hand the extract of 5. suipestifer but weakly influenced the action of 
anti-5, paratyphosus B phage which was inhibited to a considerable 
degree by its own e.xtract. It is not without significance that the 
degree of non-specific inMbition by the extracts of the Salmonella 
organisms was not much greater than that by the more distantly 
related 5. dysentcriae Shiga (compare with Tables I and 11). 

In the same set of experiments the two phages were tested also with 
extracts of 5. dysentcriae Shiga, 5. paratyphosus A, (somatic factor 
\T), 5. Stanley and 5. acrtryckc, the latter two organisms sharing with 
5. paratyphosus B die same somatic factors I and 11, but differing 
from each other by \Trtue of specific flagellar antigens. None of these 
extracts influenced the action of the anti-5, suipestifer phage, an 
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observation which is apparently in agreement with the failure of this 
phage to lyse any of the organisms mentioned. However, extracts of 
B. Stanley and B. acrtrychc distinctly inhibited the action of anti-J5. 
paratyphosus B phage. On testing this phage directly on these two 
organisms it was observed that while it lysed B. acrtryckc to a titer of 
10“®, it had very weak action on B. Stanley, 10“^ Consequently 
other experiments were made to investigate the relationsliip of phage 


TABLE in, a 
Test with B. paratyphosus B 


Phage dilution incubated with 
1:200 extract of 

Dilutions of nnti-B. paratyphosus B ph.agc 



1 X 10-< 

3 X I0-« 

1 X lO-t 

3 X io-» 

I X 10-* 

B. snipestifer 

cl 

cl 

± 

++ 


d-d- d-d- 

-f-f-d— h 

B. paratyphosus B 

-hi 

+++ 

++++ 

+ -| — 1 — h 

++++ 

d-d- d-d- 

-l-d--h-h 

B. dysciiteriac Shiga 

cl 

cl 

cl 

+ 

d — hd- 

d-d- d-d- 

-f-f-f-h 

Saline solution 

cl 

cl 

cl 

cl 

d — hi 

d-d-± 

d-d- d-d- 


TABLE III, 1 ) 

Test with B. snipestifer 


Phage dilution incubated witli 


Dilutions of anti-B. snipestifer phage 


1:200 extract of 

yQRSE 






3 X 10-* 

B. sttipeslifer 

ii 

d-d- 

cl 

d-d-d- 

± 

d-d-d- 

d- 


d-d-d-d- 

d— 1— hd- 

B. paralypJtosits B 

cl 

d-d- 

++ 

d-d-d-d- 


cl 

cl 

cl 

d- 

d- 

d-d- 

d-± 

-f-d-d- 

d-d- d-d- 

Saline solution 

cl 

cl 

cl 

d-d-d- 

d-d- d-d- 


The reading recorded was made after incubation at 37° for 5 liours following the 
addition of the test organism. 


titer on the living bacillus to mhibition of phage by extracts of tliese 
organisms. For this purpose two other organisms w'^ere included; 
namely, B. tidy of the same antigenic composition and a smooth 
resistant strain of B. paratyphosus B, isolated from the overgrovdh 
follotving phage action on the sensitive smooth parent culture em- 
ployed throughout these experiments. This organism, still resistant 
to phage foUowdng numerous transplants on agar over a period of 10 
months after its isolation, could not be differentiated morphologically 
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much from each other, the aertryckc extract giving the weakest inhibi- 
tion.’ Certainly the order of activity of the extracts does not run 
parallel to the titer of the phage against the living bacillus since the 
Stanley strain was acted on only to a titer of 10“’. Additional support 
for this view is furnished by the beha\nor of the resistant strain, the 
extract of which gave a pronounced inhibition. The failure to 
establish a relationship between phage inhibition by extracts and the 
phage titer against the living bacillus suggested otlier ideas, for 
instance the phage-absorbing capacity of the whole bacillus, the 
precipitating titer of the bacillary extracts, or both. Decisive ew- 
dence to form the basis for definite conclusions as to any correlation of 
other functions with inhibition is stiU wanting and experiments are 
under way to supply information on these issues. However, it may be 
stated that the Stanley strain winch gave the most intense inhibition 
also gave the liighest precipitin titer; extracts of the resistant organism 
which gave distinct but somewhat weaker precipitin reactions than 
that of the sensitive strain, also gave weaker inhibition reactions. 

In the course of these experiments the anti-j5. dysentcriac Sliiga 
phage was tested for inliibition after contact with extracts of eight 
different organisms belonging to the Salmonella group and also with its 
homologous extract and onlj'’ the latter gave inhibition. 

That the phage-absorbing capacity of the whole bacillus may play a 
role is indicated in a number of preliminary experiments, wliich show a 
distinct absorption of phage by resistant organisms obtained by 
fi shin g a single smooth colony derived from the overgrowth after 
action of anti-i5. paratyphosus B phage on several strains having fac- 
tors I and II {paratyphosus B, Stanley, aertryckc, and otliers). These 
tests, carried out with the same teclmique which proved effective for 
the demonstration of inhibition of phage by bacillary extracts, were 
made in the following manner. 

’ No final attempts have been made as 3 'et to determine how sensitive the 
reaction is, but in a preliminary waj' it can be stated that in one of tlie earliwt 
experiments as little as 1 : 100,000 dilution of the crude aertryckc extract e 
weakest inhibitor — showed a distinct specific inhibition of the anti-fi'. paralyp tosits 
B phage. Probably the reaction has about the same order of sensitivity as that o 
the precipitin antibodies. 
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The 24 hours’ growth of bacilli from one agar dant was suspended in 5 cc. saline 
and killed by heating at 70° for 1 hour. The suspension was diluted ten times in 
saline and 0.25 cc. was allowed to incubate overnight at 37° with an equal volume 
of varying concentrations of phage. The mixture caused no turbiditj' on dilution 
with 4.5 cc. broth the following daj' when the test was made. 

A typical protocol showing the absorption of phage by heat-killed sen- 
sitive and resistant paraiyphosits B organisms is presented in Table V . 

While in these instances there was undoubtedly a fixation of phage 
by resistant organisms, the objection may be raised that the absorption 
was due to the splitting off of a small number of sensitive bacteria. 

TABLE V 


Absorption of Anli-B. paraiyphosits B Phage by Heat-Killed Bacilli 
Test with B. paraiyphosits B 


Phage diluUoa inoxbatetJ with a 
suspen^oQ of heat'killcd 

Dilutions o! anti-B. paraisphezus B phage 

I0-» 

io-< 

io-« 

10-* 

JO-T 

10-* 

B. paralyphosus B (sensitive) 

+ 

++++ 

H8H 

++++ 

++++ 

ilili 

B. paralyphosus B (resistant) 


-h 

mmm 

++++ 

++++ 

e^sSa 

B. dystntcriae Shiga 

cl 

cl 

HI 

rfc 

rb 


Saline solution 

cl 

cl 

III 

tr 

tr 



The reading recorded was made after incubation at 37° for 5 hours following the 
addition of the test organism. 


However, the several resistant strains when tested with undiluted 
phage both on plates and in test-tubes showed no evidence of lysis. 

However, organisms resistant to other anti-SalmoneUa phages de- 
rived from the overgrowth by isolation of a single smooth colony, 
absorbed little or no phage. This controversial question requires 
investigations taking into account all known criteria for resistance. 

DISCUSSION 

In these experiments e%'idence is presented that e.xtracts of organisms 
containing carbohydrate material unite specifically with bacteriophage 
as indicated by inhibition of the lytic effect on young susceptible 
growing organisms. Apparently the affiiuty of the phage for the 
extract is weak and probably weaker than that of the phage for the 
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test organism. This fact may perhaps serve to explain the previous 
negative reports in such experiments. Indeed, it is difficult to de- 
termine the relative affinity of phage for a solution as compared to 
the afiinity for a formed element. 

As for the nature of the reaction, very little can be said at present 
except that no turbidities or precipitates have been observed in 
mixtures giving specific inliibition. Also such mixtures in a few 
experiments failed to fix complement. IMore progress in this direction 
could be made if some suitable material were found with no affinity to 
either the phage or extract, to be used as an indicator for the supposed 
specific reaction product. 

The experiments suggest that the specificity of the reaction may be 
connected with those specific soluble substances which define the heat- 
stable agglutinogens. By means of this reaction, extracts derived 
from organisms related to B. paratyphosus B have been differentiated 
from the extracts of B. suipcstifer. Reasoning by analogy from the 
work of Furth and Landsteiner, the substances involved are probably 
carbohydrate in nature. Indeed in a few experiments the specific 
phage inhibition (anti-jB. paratyphosus B phages and anti-B. dysen- 
ieriae Shiga phages) was obtained also with the same substances boiled 
in alkali and subsequently neutralized. Certainly in these instances 
neither the substances connected with flagellar antigens nor the 
proteins played a role in the reaction. These experiments should be 
extended to other phages and substances to determine whether or not 
the reaction will define the remaining somatic factors of the Salmonella 
group and other species of bacteria in general. Perhaps investigations 
along this line may throw considerable light on the question of poly- 
valent phages (25). 

In any event the demonstration of a reaction between phage and 
solutions of bacillary products makes it possible to study the diemistry 
of these products as disclosed by the effects of purification, fractiona- 
tion, and hydrolysis, in terms of bacteriophage reaction and to in- 
vestigate whether the findings wiU parallel those recently obtained on 
the chemistry of antigens in relation to the precipitating antibodies. 

In view of our experience with phages and extracts of B. pora 
typhosus A and B. typhosus, it seems possible that the reaction may 
not be readily demonstrable in aU instances. In the case of the 
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phage for B. iyphosns specific inhibition has so far not been obtained 
and only a weak specific reaction could be demonstrated with the 
a.nti-paraiyphosus A phage. Perhaps the most suitable conditions of 
time and temperatme have not been as yet determined for these cases. 
That various phages may not be influenced in entirely the same way 
by tiTTift and temperature has already been indicated (see page 220). 
Another possibility to be considered is that the specific soluble sub- 
stances mentioned above are not the only ones having an afBnity for 
the phage. In these instances in which marked specific inhibition has 
not yet been demonstrated, and perhaps also in cases of those phages 
that have a wide scope of action covering organisms with various 
somatic factors, possibl}’’ the proteins described by Furth and Land- 
steiner and 1\Tiite (24) or other carbohydrates are involved (see 
Bronfenbrenner (25)). 

The inhibition of phage by soluble bacillary products recalls some 
serological reactions dealing with inhibition of antibody action. 
Several such instances recently studied are: first, that of the haptens, 
thoroughly investigated by Landsteiner and van der Scheer (the in- 
hibition of the precipitin for the coupled protein antigen by the hap- 
ten (26)) ; second, the inhibition of the precipitin reaction by fractions 
of low molecular weight derived from the specific soluble substance of 
Pneumococcus Tj'pe IH (Heidelberger and Kendall (27)) ; and finally 
a group of cases in which the action of isoagglutinins is specifically 
inhibited by soluble body fluids, such as mane or saliva. 

SHiOIARY 

1. Experiments are presented demonstrating specific inhibition of 
phage by soluble products of bacteria. 

2. The inhibition proceeds more rapidly when the phage and 
bacterial e.vtracts are incubated at 37° than at ice box temperature. 

3. The specificity of the reaction in the instances studied is probably 
connected with the presence of specific soluble carbohydrates. 

4. A reaction is available for the study of the chemistiy' of bacillary 
antigens in terms of bacteriophage. 
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THE RELATION OF COAT COLOR TO THE SPONTANEOUS 
INCIDENCE OF IMAMAIARY TUMORS IN MICE* 

C. C. UTTLE, Sc.D. 

(From the Roscoe B. Jackson Memorial Laboralory, Bar Harbor) 

(Received for publication, November 15, 1933) 

This commtmication records and discusses the spontaneous incidence 
of ma mm ary tumors in yeUow and non-yellow mice. The animals 
comprise the first hybrid (Fi) and second hybrid (Fj) generations de- 
rived from a cross between two inbred strains. The emphasis is pri- 
marily physiological. The genetic interpretation of the results is re- 
served for later publication. 

Material 

The two parental strains are as follows: 

1. Dilute Broum. — This strain has been dosely inbred since 1909. It has been 
used for many genetic experiments. Papers dealing with its tmnor-produdng 
characteristics and general physiology of reproduction have been published 
by Murray (1927, 1928, 1934). The strain is characterized by a high inddence of 
mammarj' tumors which are either adenomas or adenocarcinomas. Sarcomas or 
tumors of other organs than the mammarj' gland are relatively ver>’ infrequent 
The strain is homozygous for color and differs from the wild house mouse by three 
recessive Mendelian factors. 

a' = non-agouti or self color. 

b'' = brown rather than black pigmentation. 

d*” = blue dilution. 

2. Yellovs {Dunn's Dcrkatke of Brooke's English Stock). — These mice are less 
inbred than the foregoing stock. They have, however, been carried on by brother- 
to-sister mating for approximately 7 years. Like all yellows thej- are heterozj-- 
gous for the factor which produces yellow coat color and which is an alldo- 
morph in the agouti series. They are also hetcrozj-gous for the factor for black 
pigmentation B. They are homoz\-gous for the factor for density of pigmenta- 
tion D. They are thus A^a’Bb'DD in constitution.^ 

• A brief preliminari,- note has been published by the writer and MePheters 
(1932). 

* The bcharior of the gene produdng yellow coat color in mice is peculiar. It 
has been described by Castle and Little (1910), Kirkham (1917), Litde (1919) 
and Danforlh (1927). 
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An Fi generation produced by a cross between these two races \vill consist of 
four types: 

A^VBb'Dd*’ = black-e^^ed yellows. 

A^'a'b'^b^Dd’’ = brown-eyed 3'cllows. 
a"a"Bb'Dd’’ = blacks. 
a"a’b’'b''Dd*’ = browns. 

The yellows will appear in approximately equal numbers witli Uie non-yellows. 
The blacks and browns and the black-ej'ed and brown-e3'ed 3^eLIows will in each 
case bear to one another a numerical relationship which will be determined b3’ tlie 
animals picked b3' chance as representatives of tlie 3'ellow strain to produce the 
Fi generation. 

The Fn generation was produced b3' four types of matings of Fi animals. 

1 . Yellow X yellow A^n'k^b^Dd X A>'a''b’'b’'Dd 

2 . Yellow 9 X brown o' A%®b''b''Dd X a^a'b^b^Dd 

3 . Brown 9 X yellow o’ aVk'^b^Dd X A^'b^b^Dd 

4 . Brown X brown : a’a“b’'b*'Dd X aVb''b^Dd 

All animals carr3dng the gene B for black pigmentation were discarded before 
Fi parents to produce the Fn generation were selected. This was done to sim- 
plify tlie genetic situation and to reduce the number of genetic combinations 
possible in Fj. 

To summarize then, die material consists of virgin females produced as an 

(0) Fi generation in a cross of dilute brown females (from an inbred higli 
cancer strain) and 3mllow males (from a distinct inbred strain, rela- 
tively low in mammar3'^ tumors and high in sarcomas) ; 

(b) Fo generation from various t3'pes of matings of Fi animals from the above 
cross. 

All animals included in this study were produced from careful^' controlled in- 
dividual matings. All those included also lived longer dian the earliest age at 
which a tumor appeared in their respective generations." 


" The method b3'^ which individuals are listed as being of cancer age is as follows: 
A distribution of the animals widr mammar3’^ tumors according to tlieir age at 
death is made. This distribution shows a minimum age at whicli deatli of a 
mouse with mammar3'^ tumor is recorded. An3' mouse d3dng before this age is 
excluded from the group on whicli a stud3’' of the incidence of cancer is based. 
This method is entirel3’’ consistent with that used for calculating the relative 
numbers of animals which are to be proper^'’ included in any recordable group. 
Thus in calculating tlie sex ratio of mice at birtli the embr3ms tliat have died in 
iitero cannot be included. They have not readied tlie critical age at which the 
character under observation can be recorded. Or again if we are recording^ tiie 
ratio of normal to hairless mice in a given generation none can be safeb' dassified 
until they are over 3 weeks old since it is at that age approximately tliat the 
points of distinction between hairless and normal animals first become notice 
able. The dassification of tumor and non-tumor cannot tlierefore be attempted 
before the mice reach an age at which it is possible ph3'siologically for the individua 


TABLE I 

Fi Mammary Tumor 


Yellow 


Kon-yellow 


Mouse 1 
No. j 

Age at 
death 

Diagnosis 

Mouse 

No. 

Age at 
death 

Diagnosis 

1 



nni 

m\ 


1966 

BT^n 

Adenocardnoma 

1854 


Adenoma 

2162 

Ki^n 

« 

185S 


Medullary carcinoma-adenocar- 

2248 

HlfHI 

Adenoma 



dnoma 

3412 

268 

« 

1859 

SIB 

Cyst adcnocardnoma 

345S 

647 

Adenocarcinoma 

1865 

517 

Adcnocardnoma 

3753 

340 

cc 

1866 

530 

II 

3762 

404 

« 

2191 

472 

Papniary adenocarcinoma 

3764 

404 

Cysi adcnocardnoma 

2S3S 

392 

Adenocarcinoma 

3982 

404 

Adenoma 

2571 

497 

Adcnoma-adenocardnoma 

3983 

466 

“ in transition 

2572 

530 

Adenoma 

3935 

403 

Adenocarcinoma 

2591 

418 

Adenocarcinoma 

3986 

355 

« 

2611 

447 

C>*st adenoma 

39S8 

433 

MeduUarj’ carcinoma 

3203 

520 

Medullary carcinoma 

49U 

387 

Adenocarcinoma 

3204 

SSI 

Adcnocardnoma 

4945 

381 

Adenoma in transition 

3206 

670 

Adenoma, precanccrous 

4973 

439 

Adenoma-adenocarcinoma 

3299 

727 

Cj’st adenoma in transition 

5004 

383 

Adcnocardnoma 

3380 

457 

Adenoma 

1 T 

267 

II 

3453 

486 

Adcnocardnoma 


267 

II 

3457 

453 


K I 

538 

ileduUary carcinoma 

3458 

440 


Hili 

242 

Adenocarcinoma 

3473 

713 

Adcnoma-adenocardnoma 

5664 

326 

** 

3756 

781 

Adcnocardnoma 




3765 

467 

Adenortia-adenocardnoma 




3957 

962 

Cyst adenoma in transition 




39S4 

522 

Adenoma-adenocardnoma 




4110 

421 

Medullary caremoma 




5003 

383 

Adenoma-adenocarcinoma 




5084 

659 

Adenocarcinoma 




5310 

495 





5358 

484 

Adcnoma-adenocardnoma 




5467 

576 

Adenocarcinoma 




5468 

4SS 

M 




5532 

412 





5533 

412 

Adenoma-adenocarcinoma 




5662 

497 

Adenoma 




6215 

395 

Adenoma-adenocardnoma 

Mean.. 401. C 

llllllllligilllllllllll^ 

l^Ican 

521.0 



TABLE n 


F\ Miscellaneous Tstmor 


Yellow 

Non-yellow 

Mouse 

No. 

Age at 
death 

Diagnosis 

Mouse 

No. 

Age at 
death 

Diagnosis 


days 





1970 

315 

Hemangioma 



Liposarcoma infillraticg muscle 

2542 

991 

Spindle cell sarcoma, uterus and 


RQH 

PapiUar>' cardcoma, lung 



U\Tr 

2185 


Spindle cell cardnoma, leg and 

3295 

70S 

NeuroSbrosarcoma 


m 


4602 

535 

Leubemic bmphosarcoma 

2189 


Fibrosarcoma 

<603 

<16 

L>-mpbo5arccma 

34S4 

820 

Spindle cell aarcoma 

<646 

867 

Leukemic lymphosarcoma 




5D02 

547 

lipoma 




5506 

842 

Hemangioma caremosam 




Meta 

653 C 

i 

XIciE. 

E72 0 
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TABLE m 


7^1 Non-Tnmor 


Yellow 

Non-j’ellow 

Mouse No. 

Age at death 

Mouse No. 

Age at death 


days 


days 

1813 

300 

1803 

792 

1814 

469 

1857 

298 

1856 

530 

2154 

288 

1867 

465 

2190 

816 

1873 

1055 

2371 

768 

1874 

862 

2375 

984 

1965 

1 649 j 

2495 

1101 

1967 

979 1 

2497 

811 

2184 

869 

2536 

927 

2251 

305 

3456 

1223 

2380 

301 

3649 

520 

2381 

277 

1 3760 

997 

2498 

1018 

' 5289 

913 

2502 

272 

5663 

946 

2537 

271 



2573 

392 



2613 

912 



3552 

1037 



3553 

891 



3650 

592 



3959 

402 



4647 

724 



4648 

716 



4653 

759 



4654 

794 



5282 

638 



6212 

574 




632.0 


813,0 




TABLE IV 


Color of progeny 



Miscel- 

laneous 

tumor 

No 

tumor 

Per eent 
with 

mammary 

tumor 

Per cent 
with mis- 
cellaneous 
tumor j 

Per cent 
with no 
tumor 

Yellow 

57 

22 

S 

27 

38.6 

■Ml 

47.4 

Non-yellow 

54 

I 35 

5 

14 

64.8 

KB 

25.9 




— iWi 


Tntnl 

111 

57 

13 

41 

51.4 

11.7 

36.9 






RESULTS 

Fi Generation 

There were 111 virgin female Fi generation mice which lived to 
‘‘tumor age.” Of tliese 57 were yellow and 54 non-yellow. Of the 
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yellows, 22 had mammarj' tumors, 8 had tumors of other types and 27 
had no tumor. Of the non-yellows 35 had mammary tumors, 5 had 
tumors of other tj'pes and 14 had no tumors. 

Table I lists those mice having mammar}^ tumors and gives the 
ledger number of the mouse; its age, in daj’-s, at death; and its diagnosis. 

Table II gives the same data for non-mammary, or miscellaneous 
tumor animals. 


TABLE \TI 


F; Yellow X Ydlow. No Tumor 


YcUow 

Dilute yellow 

Brown 

Dilute bro?m 

Mouse No, 

Ace at 
death 

Mouse No. 

A?e at 
death 

Mottse No. 

Age at 
death 

Mouse No. 

Age at 
death 


days 


days 


days 


days 

839 

423 

926 

774 

1203 

£09 

986 

395 

9S7 

S56 

H06 

793 

3235 

941 

1199 

644 

1205 

646 

1520 

507 

1466 

322 

1470 

724 

1410 

320 

16S1 

612 

3472 

522 

1515 

629 

146S 

617 

16S3 

665 

1516 

554 

1576 

975 

1512 

791 

1935 

600 

IMS 

870 

1990 

765 

1574 

456 

2057 

656 

1959 

797 



1679 

603 

2S02 

603 

2072 

6S7 



16S0 

1224 

3110 

953 

2550 

543 



18S5 

70S 

3619 

499 

3582 

572 



19S7 

451 

4804 

330 

3584 

6S6 



2059 

727 







2351 

426 







2397 

71S 







2S06 

645 







3587 

365 







3S12 

417 








Table HE gives the age at death and the ledger number of the non- 
tumor animals in the Fi generation. 

Table IV is a condensation of information concerning the Fi genera- 
tion. 


F- Gcticralion 

The incidence of tumors in the F; generation may next be considered. 
There arc, as before stated, four tv'pes of Fi mating which were used to 
produce F- young. These arc as foUows; 

(a) Yellow X yellow. 

(b) Yelloiv 9 X non-yellow cf. 

(c) Xon-ycllow 9 X yellow o'. 

(d) Non-yellow X non-yellow. 



TABLE Vin 
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A list of animals from each of these matings is given in Tables V to 
XVI inclusive. 


TABLE DC 

Fi Yellow 9 X Non-Yellow c?. Miscellaneous Tumor 


Yellow 

Dilute yellow 

Brown 

Mouse 

No. 

Age at 
death 

Diagnosis | 

o 

S 6 
Z'Z 

; ♦j'S 
e « 

< 

Diagnosis 

Mouse 

No. 

i ^ ? 

< 

Diagnosis 

i 

2196' 

days 1 

SM 

Liposarcoma 

1794* 

2201 

days 

728 ' 
809 

LjTnphosarcoma 

Liposarcoma 

897 

1789 

days 

72S 

334 

Lutein cell tumor, orary 
Spindle cell sarcoma 


* See ako mammary tumor. 


TABLE X 


Fi Yellow 9 X Non-Yellow o'. No Tumor 


Yellow 

Dilute yelloK- 

Brown 

Dilate brosn 

Mouse No. 

Age at 
death 

Mouse No. 

Age at 
death 

Mouse No. 

Age at 
death 

Mouse No. 

Age at 
death 


days 


days 


days 


days 

522 


840 

567 

520 

519 

E6S 

935 

524 

637 

901 

573 

523 

439 

2197 

694 

S41 

487 

902 

710 

843 

1009 

2203 

430 

846 

719 

992 

725 

£60 

672 

2481 

773 

865 

762 

2067 

781 

867 

718 

3037 

431 

881 

870 

2095 

820 

882 

5U 

3246 

559 

ES4 

367 

3243 

3SS 

8S3 

539 



892 

577 

3712 

771 

8E6 

656 



1125 

699 



899 

752 



1126 

948 



2065 

841 



2301 

746 



2070 

£63 



2906 

733 



2302 

764 



30SS 

371 



2569 

£05 



3095 

359 



3093 

549 



3716 

628 



309S 

524 



4849 

426 



3523 

784 



4550 

456 



4563 

766 




Table V gives the distribution of mammar>- tumors in the four color 
classes of \’irgin female F- young obtamed in the (c) yellovr X yellovr 
series. 

Table \T does the same for miscellaneous tumors. 

Table \TI gives the same data on non-tumor animals. 
























TABLE XI 

Non-Yellow 9 X Yellow o’. Mammary Tumor 

DUute yellow Brown 
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Mouse 1463 brown bad both a mammary tumor (cyst adenoma) and 
a lymphosarcoma. It is therefore included in both Tables V and VI. 


TABLE xn 

F« Non-Yellaw 9 X Ydlovi cf. Miscellaneous Tumor 


Yellow 

Dilute yellow 

Brown 

.. 1 

.c 


.. 1 



L 1 



Mous( 

No. 

rt «3 

< 

Diagnosis 

Mouse 

No. 

es «S 

vJi 
, U “ 

; < 

Diagnosis 

Mims 

No, 

a 

oJd 

t£. 

Diagnosis 

j 


days 



days 



days 


1279 

666 

Lj-mphatic leukemia 

4iSi| 

819 

Adenoma, Hver 

6S3 

738 

Round cell sarcoma 

1332 

802 

Round cell sarcoma. 




1113 1 

70S 

Choriocarcinoma, ovary 



ovaries and ovi- 




Ills*. 

442 

Papnioma, vagina 



ducts 




liEsni 

578 

Leukemic Ijunphosarcoma 


724 

Leukemic lympho- 




2801 

618 

Polyploid epithelioma, eye- 



sarcoma 






Ud 

1938 

m 

Adenoma, li\’er 








* See also mammary tumor. 


Yellow 


Mouse No. 


6S4 

952 

995 

1065 

1066 
1475 
1616 
1653 
1979 
20S5 
3201 
3343 
3436 
3918 
4179 
4150 
4205 
420S 
4213 
4785 


TABLE Xm 


Fs Non-Yellow 9 X Yellow o’. No Tumor 


Age at 
death 


deys 

928 

456 

5S1 

705 

590 

761 

854 

677 

531 

441 

526 

437 

635 

5S7 

264 

841 

531 

799 

53S 

4S1 


Dilute yellow 

Brown 

Dilute brown 

Mouse No. 

Age at 
death 

Mouse No. 

Age at 
death 

Moose No. 

Age at 
death 


days 


days 


days 

456 

520 

67S 

734 

1937 

846 

6S0 

543 

872 

695 

1999 

391 

996 

493 

950 

452 

2356 

827 

1607 

596 

951 

527 

3496 

62S 

1617 

651 

1282 

791 



1649 

816 

1483 

560 



1771 

414 

1454 

657 



1925 

505 

23S3 

872 



1997 

85S 

3101 

954 



2092 

695 

3105 

423 



2437 

341 

3106 

666 



4554 

639 

3143 

672 





3345 

323 





4184 

559 





4357 

5S7 





4786 

845 





4787 

840 




Tables \Tn to X give the same three groups of animals obtained 
from matings of the {b) j-ellow 9 X non-yellow o’ tj-pe. Mouse 1794 






















TABLE XIV 


F" N ou-Ydloio X Non-YcUoiu. Mammary Tumor 


Drown 

Dilute brown 

Mouse 

No. 

Age nt 
death 

Diagnosis 

Mouse 

No. 

Age nt 
death 

Diagnosis 


days 


■i 

days 


482 


Medullary carcinoma 

mm 


Adenoma 

497 


Adenocarcinoma 

mm 


Adenocarcinoma 

S04 




359 

44 

812 

735 

Medullarj’ carcinoma 

■9 

601 

Adenoma 

813 

370 

Adenocarcinoma 

mm 


Medullary adenocarcinoma 

820 

691 

Adenoma 

1706 


Adenoma 

821 

528 

Adenocarcinoma 

1747 

644 

44 

918 

609 

41 

1751 

585 

Adenocarcinoma 

1048 

831 

Medullary carcinoma 

2164 

710 

Adenoma in transition 

1063 

498 

Adenocarcinoma 

2526 

610 

Adenoma 

1347 

501 

44 

3213 

274 

Cj’st adenocarcinoma 

1348 

783 

Adenoma 

4825 

478 

Adenoma 

1709 

466 

44 




1712 

323 

Adenoma-adenocarcinoma 




1753 


Adenocarcinoma 




1754 

521 

Adenoma 




2080 

509 

Adenocarcinoma 




2165 

673 

44 




2166 

443 

44 




2174 


44 




2545 

625 

Cj’st adenoma 





TABLE XV 

Fj Noii-Yclloiv X Non~YcUoiv. Miscellaneous Tumor 




Drown 



Dilute brown 

Mouse 

No. 

Age nt 
death 

Diagnosis 

Mouse 

No. 

Age nt 
death 

Diagnosis 

1059 

days 

630 

Lymphosarcoma 

509 

msi 

Spindle cell sarcoma 

2167 


Lipoma 

1020 





2451 

772 1 

Liposarcoma-adenoma, ovary 


TABLE X^^ 


Fn Non-YcUolo X Non-Yellow-N on-Tumor 


Drown 

Mouse No. 

Age at death 


days 

483 

490 

822 

713 

923 

596 

1058 

992 

1350 

796 

1749 

390 

2084 

629 

2104 

576 

2107 

670 

2171 

776 

2529 

404 

2532 

90S 

2544 

854 

2773 

688 

2778 

675 

3211 

484 

3212 

529 

3568 

535 


Dilute brown 


Mouse No. 

Age at death 


days 

511 

661 

851 

642 

917 

865 

924 

670 

1061 

815 

1760 

430 

2078 

644 

2163 

681 

2528 

585 

2530 

397 

3208 

529 

3571 

557 

3572 

679 

4824 

715 
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dilute yellow had both an adenoma of the mammary gland and a 
lymphosarcoma. It is therefore included in both Tables VIII and IX. 

Tables XI to XIII list the animals obtained from matings of the (c) 
non-yellow 9 X yellow cf’ type. Mouse 11 18 brown had a medullary 
adenocarcinoma of the mammary gland and a papilloma of the vagina. 
It is included in both Tables XI and XII. 

Similar data for matings of type (d) non-yellow X non-yellow are 
given in Tables XIV to XVI. 

The total of 379 virgin females of the Fo generation is presented in 
Table XVII. 

DISCUSSION 

The discussion of the results obtained naturally focusses on a com- 
parison of certain groups of animals. 

One of these is the contrast between yellows and non-yellows. In 
the Fi generation it was shown (Table IV) that 38.6 per cent of the yel- 
low animals developed mammary tumors wliile 64.8 per cent of tlie 
non-yellows did so. Tliis difference is 4.1 times its probable error 
and is therefore almost certainly significant. 

Confirmatory evidence is given by the Fs generation. Table XVII 
shows that 37.2 per cent of the 156 yellows grew mammary tumors 
while 51.6 per cent of the 223 non-yellows did so. The difference in 
this case also happens to be 4.1 times its probable error. 

If the figures for the two generations are combined the percentages 
are as follows. Yellows 37.6 per cent mammary tumor, non-yellows 
54.2 per cent mammary tumor. The difference is 5.7 times its prob- 
able error. 

It may therefore be concluded tlrat yellow mice are less likely than 
are non-yellows to grow mammary tumors. 

It is interesting to note tlrat no such difference, between the two 
color types, is found when the incidence of tumors of types other than 
mammary is combined and is considered. Here the two percentages 
are yellows 10.3, non-yellows 7.9, a difference of only 2.4 per cent 
which is certainly not significant in the number of mice available.^ It 
happens that the forty-four non-mammary tumors are equally divided 
between yellows and non-yellows. 

The reason for the difference in mammary tumor incidence between 
yellows and non-yellows may next be considered. Some factors may 
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be definitely eliminated. Among these is the possibility of genetic 
linkage. Had the F- generation alone showed a higher incidence of 
mammary tmnors in non-yellows, linkage might have been considered 
a possible explanation. Since, however, the Fi generation shows a 
difference of the same sort, linkage between non-yellow and high ind- 
dence of mammary tumors is out of the question. Similarly there can 
be no question of sex linkage because the Fi generation was produced 
by crossing females of the high mammary tumor (dilute brown) strain 
with males from the yellow strain. Thus the Fi females all carried 
the same x-chromosome combination and offer no grounds for expect- 
ing a difference in tumor incidence such as was actually observed. 

There are certain physiological peculiarities which yellow mice ex- 
hibit to a greater extent and in a greater degree than do non-yellows. 
Among these characteristics may be mentioned a marked tendency to 
adiposity. Danforth (1927) has published an account of this condi- 
tion and has shomi that albino mice which possess the factor for yel- 
low Ay become adipose (as do actual yellows) even though they form 
no pigment. This suggests, therefore, that mice with the gene A^ 
usually have a peculiar metabolism. To what extent the type of 
metabolism ordinarily found in yellow mice is restricted to mice pos- 
sessing the gene (A^) for yellow is uncertain. Adult weights in grams 
of 38 Fi virgin female non-yellows and 41 virgin Fi female yellows show 
a distinctly higher average weight for the yellows with a distribution 
that is clearly different for the two color types. There is some over- 
lapping. \\Tiat effect, if any, adiposity may have on the incidence 
of mammary tumors is worthy of further study. 

It is also true that yellow mice frequently show, in comparison with 
non-yellows of the same stock, an altered reproductive cj’-cle and an 
increased incidence of sterility. Exact data, however, on all of these 
metabolic differences still remain to be gathered. 

In this connection it is important to note the comparative age of 
tumor incidence in yellows and non-yellows. No special effort has 
been made to establish in either case an e.xact date to which the ind- 
dence of cancer may be referred. To make such an effort and to place 
on its outcome too great reliance would be misleading. In the e.x- 
perimcnt here reported all mice with mammarj’’ tumors were killed 
when a clearly palpable tumor nodule was present. This situation is 
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reached at strikingly different mean ages in yellows and non-yellows. 
The mean age for 22 Fi yellows is 401 days, for 33 Fi non-yellows 521 
days. The mean age of 58 yellow Fs mammary tumor mice is 482 
days wliile that of 115 non-yellow mammary tumor mice is 564 days. 
The difference of 82 days is certainly suggestive of the fact that yellow 
mice reach tumor age and develop mammary tumors earlier than do 
non-yellows of the same generation. This holds for both the Fi and 
Fo generations. The fact that yellow mice may develop mammary 
tumors earlier although significantly less frequently than non-yellows 
has a general bearing on the findings of Loeb and other early investiga- 
tors who observed that cancer incidence and cancer age were to some 
degree at least independent of one another. Loeb (1921) has, however, 
stated that as a general tiling strains wliich have a liigh incidence of 
mammary tumors tend also to have an earlier average age incidence 
of these tumors than do the low tumor strains. In the material in- 
cluded in the present communication there is an exception to what 
Loeb believes to be the general relationship between tumor age and 
tumor incidence. 

It is also interesting to record roughly the degree of malignancy in 
the mammary tumors of yellow and non- 3 ’'ellow mice in the Fj and Fj 
generations. This is done in Table XVIII. 

From Table XVIII it will be seen that there is no evidence that 
yellow mice develop less malignant types of mammary tumors than 
do non-yellows. The evidence is in fact somewhat in the other direction. 

Thus although yellow mice form significantly fewer mammary tumors 
than do the non-yellows of similar generations, those that form tumors 
do so earlier and give rise to, if anything, more malignant neoplasms 
than do the non-yellow animals. 

There has been, therefore, a decrease in cancer incidence among 
yellow mice, but no signs of a weakening of the actual process of cancer 
formation itself. 

The most probable explanation for the observed facts would seem 
to be found in the general physiology of the yellow animals. We know 
certain things about yellow mice of this stock. In both Fi and Fz 
generations yellow non-tumor mice die at an average earlier age than 
do non-yellows. The differences are shown in Table XIX. In each 
case the yellows die at a distinctly earlier age than do the non-yellows. 








246 


COAT COLOR AND MAMMARY TUMORS IN MICE 


Although the total number of animals in each case is not large the 
difference is about 3.2 times its probable error. This coupled with its 
consistency in both generations suggests very definitely that tliere is a 
significant difference in length of life between yellow, and non-yellow, 
non-tumor-bearing animals. This considered along with the fact that 
yellows form their mammary tumors at a distinctly earlier age, tends 
to support the idea that 3'’ellow mice pass through the periods of life 
preceding senility at a more rapid rate than do their non-yellow rela- 
tives. This would account for tlie observed difference in mean age of 
incidence of mammary tumors in yellow and non-yellow mice. It 
would also explain the shorter life span of yellows in that we might 
expect the total duration of life to show the effect of the premature 
aging of the yellows during their reproductive cycle. A more rapid 
aging of tliis type would also give the impression of -greater sterility. 
Yellow mice, in breeding pens with non-yellows would, by hypothesis, 
reach the end of their reproductive cycle at an earlier absolute age 
than that of the non-yellows. 

The complete breeding cycles of 25 non-yellow females whose mates 
were yellow males may be compared with those of 31 yellow females 
mated with non-yellow males. In each case both parents are taken 
from the inbred yellow stock used as one of the races wlucli were crossed 
together in this experiment. 

The yellow females produced a total of 396 young of wliich 104 or 
26.2 per cent died before weaning. The non-yellow females gave a total 
of 350 young of which 24.0 per cent died before weaning. Lactation 
in the yellows and non-yellows therefore appears to be approximately 
equally effective. The yellow females produced on the average 2.5 
litters apiece, the non-yellows 2.7. This is a slight excess of repro- 
ductive activity on the part of the non-yellows. There is another fact 
that bears upon the relative reproductive activity of the two types. 
The average span of parturitive activity in the non-yellows is 117 days 
and in the yellows 105 days. We may conclude, therefore, that in 
general the absolute duration and intensity of parturitive activity is 
essentially similar in the two groups although non-yellows have a slight 
advantage. 

The mean litter size for yellow females is 5.01 young and for non- 
yellows 5.15 young. This tends to show, along with the average num- 
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SO rapidly in relation to that of the non-yellows that the period during 
which endocrine secretions irritate the mammary tissue, is, in the 
former, earlier in the life of the mouse and shorter in duration. These 
two factors would contribute towards making yellow mice less apt to 
produce mammary tumors tlian are non-yellows. 

This explanation may serve as a working hypothesis vmtil further 
research on the subject is reported. 

Work is now being planned to test whether it is necessary for the 
ovary to age or whether continued stimulation from secretions of young 
ovaries "will produce the same result. The simpler hypothesis is that 
continued irritation of mammary tissue by any complete ovarian secre- 
tion will suffice to brmg to expression any tendency to form mammary 
tumors wherever such a tendency exists. 

The Relalion of Dilute Pigmenialion to Tumor Growth 

Since all Fi generation animals carry dilution d'’ as a recessive, the Fo 
generation provides the first real test as to whether the presence of 
dilute pigmentation has any noticeable effect on tumor incidence. 

Table XVII shows that the percentage of mammary tumors in the 
four Fa color classes is as follows: 

per cent 


Yellows 42.6 

Dilute yellows 25.0 

Browns 53.8 

Dilute browns 46.3 


In both yellows and non-yellows the dilute animals show a lower inci- 
dence of mammary tumors than does the corresponding color class with 
intense pigmentation. Tins may not be significant altliough the total 
dilutes in showing 37.5 per cent mammary tumors depart from the 
total intense (49.2 per cent) by 3.4 times the probable error of the dif- 
ference. At the same time the dilute animals show actually a slight 
excess of tumors other than mammary — when compared with the in- 
tense mice (10.4 and 7.2 per cent respectively). 

The dilute yellow group which combines both the color t3T3es unfavor- 
able to mammary tumor incidence shows distinctly the lowest per- 
centage of such tumors. This would be expected if the two color 
types — ^yellow and dilute — were independently unfavorable in their 
physiological effect on mammary tumor incidence. 
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7. There is some evidence that, in this cross, dilute (d'^d'^) mice are 
less apt to form mammary tumors than are intensely pigmented ani- 
mals. Tins point, however, needs further investigation before it can 
be considered to be established. 

8. The facts recorded in this paper demonstrate that not all fonns 
of tumor or all colors of mice can be lumped together in studymg either 
the physiology or genetics of spontaneous tumor incidence. 
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BLOOD PLASMA PROTEIN REGENERATION CONTROLLED 
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We have ample e\'idence to show that blood plasma protein regen- 
eration in the dog can be modified at will by diet factors. The e\fi- 
dence in this paper indicates that liver and casein feeding are very 
potent in effecting rapid plasma protein regeneration. Vegetable diets 
may be less effective as shown below and reported in the publications 
from other laboratories. Possibly other proteins in the diet may prove 
to be even more efficient than liver in bringing about plasma protein 
regeneration. We are testing systematically other proteins. No one 
can group proteins into complete or incomplete, vegetable or animal, 
and by that grouping indicate the value of any protein for the regenera- 
tion of plasma protein. Individual proteins must be tested in the 
fire of metabolism. It will be of some interest to determine in what 
protein fractions or split products this potency may reside. 

Eventually all this information will be of interest to the physician 
who deals with human cases showing h>T3oprotememia or blood pro- 
tein loss. The maintenance of blood proteins above the edema level 
has a practical bearing in the treatment of certain human cases of 
nephrosis and nephritis. 

The general experimental plan is extremely simple but a certain 
number of technical difficulties had to be overcome. Dogs are re- 
duced to a blood plasma protein level of approximately 4.0 per cent 
just above the edema level (3.3-3.8 per cent) and held continuously at 
this level by suitable bleedings combined with replacement of red cells 
suspended in Locke’s solution (plasmapheresis). This low plasma 
protein level acts as a stimulus for the production of new plasma pro- 

251 



252 


BLOOD PLASMA PROTEIN. I 


terns presumably in maximal amounts. It was soon found that a 
normal dog has a considerable amount of material stored in the body 
out of which plasma proteins can be fabricated. The same thing (23) 
is true for hemoglobin in the dog. Wlien this reserve is exliausted 
with the dog on a basal diet the animal can still produce 15-30 gm. of 
new plasma protein each week. The basal diet is poor in vegetable 
protein and contains no animal protein, yet the dog can be kept in nitro- 
gen equilibrium with actual gain in weight if the diet is eaten over 
periods of many months (Dog 32-58). 

^Vhen the basal diet is replaced by cooked liver or supplemented by 
casein we note a large output of new plasma protein, several times the 
basal diet output (Table 3). The excess output due to liver or casein 
feeding for 1 week may amount to 60-70 gm. plasma protein over and 
above the basal output. 

Space will not permit a complete review of earlier work in this field. Bloomfield 
(3) has recently reviewed much of die literature dealing with edema and blood 
plasma protein concentration. He points out that the “loss and lack theory” 
does not seem adequate to e.xplain all the observations on serum proteins. We 
believe that the reserve store of protein or protein building material shown in the 
tables below will dear up some of the discrepandes in tlie literature. The spedfic 
action of various dietar}’’ proteins will help still more in the solution as will the 
observations in the second paper which indicate tliat plasma proteins may be 
utilized in the body economy. We do not refer to the many papers reviewed bj' 
Bloomfield but list a few of the important ones in tlie bibliography. 

Henriques and Klausen (7) using rabbits with phosphorous poisoning and dogs 
with bile duct ligation record a decrease in plasma albumin but not in globulin. 
Edema developed in some instances. The}'' daim this is proof that albumin 
is formed in the liver and globulin elsewhere. They did not control the diet. 
Compare Dog 32-394, Table 1 below, where tlie same change is noted as due to 
many weeks of the “basal ration” and nothing else. 

All investigations by means of plasmapheresis have been done with the dog. 
Kerr, Huru'itz, and Whipple (10) first pointed out the influence of diet factors 
on plasma protein regeneration after plasmapheresis. The dog regenerated tliese 
proteins much faster on a mixed diet than during a fasting period. There was 
evidence of an emergency reserve store of proteins. Liver injury impaired this 
reaction and indicated that tlie liver might be concerned vuth maintenance of tlie 
blood plasma protein concentration. Whipple, Belt, and Smith (22) confirmed 
and extended the above observ'ations. The liver w'as believed to be conceme 
■with plasma protein regeneration. Barker and Kirk (1) were particularly in- 
terested in edema produced in the dog by plasmapheresis. The diet used was not 
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given but must have been ricb in protein, I^eiter (13) wes interested especiElly 
in edema produced by plasmapheresis. A bread and meat diet of unknown 
amount -was used. Shelburne and Egloff (18) used a limited diet of potatoes, 
cream, turnips, butter, and lactose in dogs with and without plasmapheresis. 
They note a change in the albumin-globulin ratio and fall in total protein. Edema 
was readily produced by an a dmini stration of saline by stomach tube after 83 days 
on this diet. Barnett, Jones, and Cohn (2) showed that on a liberal meat diet 
the dog could regenerate large amounts of plasma protein removed by plasma- 
pheresis. They doubt the emergency storage of protein. Darrow, Hopper, 
and Cary (4) made simila r observations. Weech (19, 20) and his collaborators 
used dogs to study the effect of a low protein diet alone and with plasmaphere- 
sis. They noted a fall in albumin and a rise in globulin as edema developed. 
They studied the nitrogen balance and gave small amounts of serum intra- 
venously to combat the edema without result. Lepore (14) using a milk and 
bread diet combined with plasmapheresis in dogs was able to reduce the total 
plasma proteins to 3.5 per cent, and observed edema when fluids were forced. 

Important tests -with human patients are reported by Liu, Chu, Wang, and 
Chung (IS). They studied the effect of different levels of animal and vegeta- 
ble protein intake on nitrogen balance, plasma proteins, and edema in two cases 
of nutritional edema. They believe animal protein is twice as effective as vegeta- 
ble protein for plasma protein regeneration. 

Methods 

Dogs were used in all experiments and the basal ration was fed usually some 
days or weeks to make sure that the animal would take it freely. Dogs were 
protected against distemper with the Laidlaw-D uncan vaccine and unless other- 
•wise noted were in normal health. 

The hasal ration is a result of our experience and that of others. It contains 
no animal and but little vegetable protein — about 7 per cent of its caloric -value 
being protein. This ration does not appeal to all dogs but many will consume 
adequate quantities over months and remain in nitrogen equilibrium with even 
some gain in weight. The basal ration consists by weight of 40 parts boiled 
white potatoes, 20 parts canned tomatoes, 10 parts Post bran flakes, 10 parts karo 
com sjTup, and 5 parts cod liver oil. Each dog received daily, with this diet, 
1 gm. of the hlcCoUum-Simmonds salt mixture (16). The weighed basal ration 
was placed in the cage in the afternoon and the amount consumed recorded in the 
tables. Water was available in the cages at all times. 

Plasmapheresis in these experiments means the removal of 25-40 per cent 
of the blood volume as estimated by the dye method (Hooper, Belt, Smith, and 
^^^l^pple (8)). Immediately follo^-ing the bleeding and sometimes during the last 
part of the bleeding there is injected intravenously a mixture of normal red cells 
suspended in Locke’s solution. The red cells for injection were obtained from 
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health}^ donors. For this purpose large dogs were used and the amount of bleed- 
ing was regulated so that they should show no anemia. A donor was bled 300- 
400 cc. in the morning and tlie red cells separated from the plasma by centrif- 
ugalization— 3,000 r.p.m. for 35 minutes in 100 cc. tubes. The plasma was 
removed bj’’ suction, the cells washed in modified Locke’s solution and recentrif- 
ugalized. The constituents of the Locke’s solution were mixed each morning, 
the calcium salt being left out because of its tendency to cause coagulation. The 
washed red cells were then resuspended in Locke’s solution containing 5 per cent 
glucose and heated to 37°C. for injection. The volume was maintained at about 
10 per cent more than that originally bled. It was found that this single washing 
as described removed more than 99 per cent of the plasma protein. The blood was 
usually removed from the femoral artery and the washed red cells injected into 
the jugular vein by means of a gravity bottle. 1 cc. of concentrated Na citrate 
per 50 cc. of blood was used as an anticoagulant. The dilution of the plasma 
due to the citrate was corrected for in calculating the total protein. Daily hema- 
tocrits were taken, using 2 cc. of 1.4 per cent sodium oxalate, and these are re- 
corded as an indication of the dog’s hemoglobin level. An excess of red cells 
was alwaj's injected as the trauma of the centrifugalization injures many of the 
introduced red cells and the)' disintegrate with the appearance of some hemoglobin 
in the blood plasma. 

During the initial period and liver or casein periods it is necessary to bleed 
and replace maximal amounts to reduce the plasma protein levels. Five or six 
bleedings a week are necessar)'. It was thought best not to attempt to maintain 
the red cell hematocrit at 50 per cent, or normal, but Dog 32-30 was maintained 
at approximately 30 per cent at W'hich anemia level dogs will show no clinical 
disturbance, hloreover the gross bleeding required will be less to remove a given 
amount of plasma protein. 

The blood from the dog on basal diet was centrifugalized at 3,000 r.p.u. for 
35 minutes and the plasma drawn off as completely as possible by suction. All 
analyses were run on this sample. The total volume of plasma removed was 
accurately measured and checked against the total amount bled and the hema- 
tocrit. By allowing 1 cc. for each centrifuge tube used as the amount of plasma 
that could not be drawn off without contaminating the plasma ndth red cells, it 
was possible to measure amounts that checked within 2 per cent of the calculated 
yield. Since the single most important figure in these studies is the total grams 
of plasma protein removed, particular attention has been paid to aU factors which 
might alter this figure. It is recognized that injecting washed donor’s corpuscles 
before completion of bleeding, by dilution, lowers the protein concentration of the 
plasma removed, tliat during a large bleeding some dilution may normally occur 
in an attempt to restore the blood volume, and that the use of hypertonic citrate 
certainly dilutes the plasma by taking fluid out of the red cells. For these reasons 
too much emphasis is not placed on the column listed “Blood plasma average 
concentration.” But none of these factors alter the actual number of grams of 
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plaQTTia protein removed, since this is figured as the product of the cubic centi- 
meters of plasma removed and the concentration of that removed. And since 
any dilution is accomplished by fluid that is presumably very nearly protein-free, 
it is believed that the figures for the fractionation into albumin and globulin are 
absolute vdthin the limits of error of the method. 

This dtrated blood was centrifugalized and the plasma accurately measured. 
The plasma was then analysed for total nitrogen by the macro-Kjeldahl method, 
using 1 cc. of plasma. Non-protein nitrogen was determined by duplicate macro- 
Kjeldahl analyses of 50 cc. of Folin-Wu filtrate, 200 cc. of which were prepared with 
20 cc. of plasma. The anal 3 -sis of albumin and globulin was done according to 
Howe’s method as described by Peters and Van Slyke (17) using 22 per cent sodium 
sulfate at 37°C.; triplicate analyses were carried out. The dogs were kept in 
clean metabolism cages during the entire experiment. The weekly urinary output 
was collected in large bottles, using 20 cc. of concentrated HoSOr as a preservative. 
The volume was measured and the urine analysed for total nitrogen, using 1 cc. 
aliquots with the macro-Kjeldahl procedure. Thus the macro-Kjeldahl method 
was emploj-ed in all anal 3 ’ses and in all determinations duplicate or triplicate 
anal 3 'ses were made and repeated if they did not check to within 1 part in 60. 
This reduces the probable error to less than 1 per cent. 

Fecal nitrogen was not determined routinely but in man 3 ' experiments the fecal 
nitrogen was calculated for 1-2 weeks and this figure used throughout the experi- 
ment. Obviously the nitrogen balance is not absolutel 3 ' accurate but the error 
probably is not large. In some experiments (Dog 32-30) the fecal nitrogen was 
figured as 1 gm. per day and not anal 3 -sed. The figme is too high and increases 
the negative balance as given. 

Total protein removed as given in the table is probably about 5 per cent too low 
as the washings from the centrifugalized red cells contain about tTu'c amount of 
protein and this correction is not made. However the error is relativel 3 ’ constant 
and makes the reaction to diet factors a little less conspicuous than rvould the 
corrected figures. 


EXPERTHENT-AL OBSERV.ATIONS 

The first thing to determine was the behavior of a normal dog on the 
basal ration. Some dogs will not eat this diet in sufficient amount to 
maintain weight. 


Basal Ration and Normal Dog 

Dog 32-5S.—A small adult female mongrel; received the basal diet 425 gm. per 
day plus 1 gm. salt mixture, the composition as described under Methods. This 
amounted to about 100 calories per kilo body weight. The dog ate 75 to 100 per 
cent of this diet ever 3 ' da 3 - for 27 weeks while under observation, and was in 
positive nitrogen balance. The final weight was 7.1 kg. as compared with 5.8 kg. 
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at the start. The dog was in perfect health throughout. The plasma proteins 
were followed at intervals during this long period. The control level was unusually 
high— 7.8 per cent total protein. After 1 week on the basal diet this high value 
fell to 6.1 per cent total protein in blood plasma. For the next 10 weeks there 


TABLE 1 


Blood Plasma Protein Depletion and Regeneration 
Initial Reserve of Normal Dog 


Periods 

7 days 

Diet 

Total 

protein 

Estimated 

basal 

Total protein removed 
above basal 

Blood plasma 
Average concentration 


removed 

output 

Total 

protein 

Albu- 

min 

1 Glob- 
1 uHn 

1 Total 

protein 

Albu- 

min 

Glob- 

ulin 


Dog 32-394. Basal ration for 2 mos. before beginning depletion 




gm. 

gm. 

gm. 

gm. 

gm. 

per cent 

per cent 

1 per cent 

1 

Basal 

44.7 

25 

19.7 

7.5 

12.2 

4.82 

1.76 


2 


30.5 

25 

5.5 

— 1 

— 

3.80 

— 

— 

3 

« 

28.9 

25 

3.9 

— 

— 

3.57 

— 

— 

4 


25.0 

25 

0.0 

0.0 

0.0 

3.30 

— 

1 

Total reserve above basal 

29.1 







Dog 32-168. Basal ration for 1 wk. before beginning depletion 


Control 

1 

2 

3 

4 

Basal 

85.8 
69.0 

57.9 
32.7 

35 

35 

35 

50.8 
34.0 

22.9 

17.2 

13.2 

16.8 

9.7 

4.80 

4.09 

3.75 

3.35 

3.72 

2.81 

1.89 

1.51 

1.99 

1.86 

1.84 

Total reserve above basal 

107.7 



1 


1 


Dog 32-290. Basal ration for 1 wk. before beginning depletion 


Control 

1 

2 

3 

H 

86.7 

69.5 

55.2 

30 

30 

30 


36.7 

23.1 

12.3 

20.0 

16.4 

12.9 

6.62 

5.42 

4.61 

4.01 

3.53 

3.44 

2.69 

1.97 


Total reserve above basal 

121.4 

72.1 

49.3 





was no change in the level of plasma protein. There was no change in the red cell 
hematocrit at any time. During the 16th and 17th week the total blood plasma 
protein is recorded as 4.9 per cent and 4.7 per cent. In the 26th and 27th weeks 
the plasma protein values are recorded as 4.7 and 5.2 per cent. Evidently on this 
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basal diet this dog could maintain a protein concentration in its blood within 
normal limits. On several occasions the albumin-globulin ratio was determined 
and found to be normal. This is in contrast to Dog 32-394, Table 1, where there 
is a reversal of the albumin-globulin ratio after 2 months’ feeding of the basal 
ration. 

Table 1 shows the amounts of plasma protein which must be removed 
in normal dogs to exhaust the reserve storage of plasma proteins or their 

TABLE 2 


Bleeding, Nitrogen Balance, and Clinical Condition 


Periods 

7 days 

Food ^ 
consumption 

Wright 

Edema 

Negative N 
balance 

Total 

bleeding 

hematocrit 

Dog 32-394. 

Basal ration 525 gm. daily 





per ctr.l 1 



£m. 

wBm 

Per cent 

Control 


13.4 

0 

— 

119 

36.6 

1 


13.7 

0 



39.7 

2 


13.8 

0 



41.8 

3 


13.7 

0 


m 

37.6 

Dog 32-163. 

Basal ration 850 gm. daily 




Control 

100 






1 

55 


0 

20.0 

3,300 

33.8 

2 

43 

21.0 

0 

35.4 

2,875 

30.5 

3 

33 

20.5 

+++ 

24.0 

2,575 

25.2 

4 


20.0 

+++ 

13.3 

1,325 

20.5 

Dog 32-290. 

Basal ration 420 gm. daily 




Control 

100 

16.6 





1 

100 

15.2 

0 

35.4 

2,560 

34.6 

2 

95 

14.5 

-r 

44.9 

2,110 

24.0 

3 

67 

13.3 

0 

41.4 

1,970 

30.1 


parent substances. Compare Table 3 below where the periods of 
obser\’ation are longer and the basal level more con\Tncing because 
determined on two different occasions after long periods of plasma- 
pheresis. 

The basal output per week on this diet is close to 2 gm. plasma pro- 
tein per kilo per week. There is a tendency for this value to fluctuate 
a little as the e.xperiments run on for several months (Table 3) but the 
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amount seems reasonably constant under the conditions of tliese 
experiments. 

The reseroe storage amomits to quite a respectable figure but appears 
to be lower in dogs which have been on the basal diet for some time 
(Dog 32-394). There may be other factors which determme the 
amount of this reserve storage but in these dogs it varies from 30 to 
120 gm. total plasma protein— 2 to 7 gm. per kilo body weight (Table 
1 — Total protein removed above basal). 

Albumin appears as a conspicuous feature in this reserve store and 
usually makes up one-half or more of the total protein removed. This 
is in conspicuous contrast to the protein removed subsequently where 
globulin makes up more than twice the amount of albumin removed 
(Table 3). 

Clinical History, Dog 32-394 . — ^An adult female bull mongrel weighing 15.0 kg. 
This dog had been on the basal ration for 2 months. The plasma protein level 
following this basal period was 4.82 per cent, albumin 1.76 per cent, and glob- 
ulin 3.05 per cent. The blood volume was 920 cc., the plasma volume 560 cc. 
Throughout the periods of observation here recorded the dog was in excellent 
condition. This dog is being used for diet experiments and plasma regeneration 
at the present time (November, 1933) and is in excellent condition. 

Clinical History, Dog 32-16S . — ^An adult shepherd mongrel male weighing 21.8 
kg. The initial level of plasma protein was 4.8 per cent, albumin 2.81 per cent, 
and globulin 1.99 per cent. The blood volume was 1,600 cc., the plasma volume 
760 cc. Plasmapheresis was done with e.xclianges of 500 cc. of blood. At tlie 
end of the 4tli week there was dilhculty in entering the jugular vein to inject 
the washed cells following a large bleeding. The dog went into shock and died 
in 3 hours. Autops}’^ showed viscera normal but for anemia. 

Clinical History, Dog 32-290 . — An adult female terrier whose normal weight 
was 16.5 kg. The initial plasma protein level was 6.62 per cent, albumin 3.53 
per cent, and globulin 3.09 per cent. The blood volume was 1,283 cc., the plasma 
volume 690 cc. At the beginning exchanges of 450 cc. were performed. At the 
beginning of the 2nd week the dog started vomiting and developed hemoglo- 
binuria. Subsequent exchanges did not exceed 350 cc. of blood. Pitting edema 
developed during the 3rd week and persisted during the dog’s life. The dog was 
found dead in tlie cage at tlie end of the 3rd week following an exchange of 350 cc. 
on the preceding da}''. Autopsy showed bronchopneumonia, pleural effusion left, 
acute tricuspid and mitral endocarditis. 

Table 2 gives more data related to the experiments outlined in Table 
1. Dog 32-394 is of particular interest because it is ob\’ious that a 
dog eating all the basal ration can maintain its weight during a period 
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of plasma depletion. This dog showed no edema at any time in spite 
of a rather low plasma protein level. The red cell hematocrit in this 
dog was held close to 40 per cent, a low normal figure. 

Dog 32-168 is a satisfactory experiment in which the dog did not 
eat the basal ration well and lost weight. Edema developed in the 
last 2 weeks and the hematocrit was too low: this perhaps helps to 
explain the edema appearing at plasma protein levels of 3.7 per cent. 
The dog died as the result of an accident and all viscera were normal 
at autopsy. 

Dog 32-290 is the least satisfactory of these three experiments in 
Table 2. This dog in the last week or two of life developed an acute 
infection of the lungs and endocardium. There was conspicuous loss 
of weight in spite of a good food consiunption. This imusually high 
output of plasma protein may be due in part to infection which is 
known to stimulate a great overproduction of fibrinogen. It is signifi- 
cant however that the albumin remained high in all this reserve out- 
put. 

The Effects of Liver or Casein Feeding 

Table 3 shows a successful experiment lasting 19 weeks in which the 
output of blood plasma proteins due to liver or casein feeding is in con- 
spicuous contrast with the reaction to the basal diet. This surplus 
production due to either liver or casein is about 70 gm. plasma protein 
per week over and above the basal level while the reaction to the basal 
diet is about 20 gm. plasma protein per week. 

The ratio of food protein intake to plasma protein production is of 
considerable interest. With liver feeding the total liver protein intake 
amoimted to 893 gm. while the plasma protein regeneration above the 
basal level for the 2 week period is recorded as 131 gm. Each 6.8 gm. 
of liver protein was responsible for the production of 1 gm. of plasma 
protein surplus. The reaction to casein is not quite as striking but of 
the same order. Approximately 700 gm. of commercial casein as food 
intake were responsible for a total plasma protein surplus of 70 gm. 
(Table o) or a ratio of 10 gm. casein to 1 gm. of produced plasma pro- 
tein. It is to be kept in mind that the liver ration replaced the basal 
ration vhile the casein was added to the basal ration. A more accurate 
experiment would show the addition of the liver to the basal ration. 
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TABLE 3 


Blood Plasiua Protein Depletion and Regeneration 
Liver and Casein Compared with Basal Diet 

Dog 32-30. 


Periods 

7 days 

Diet 

Total protein 
removed 

Total 

a 

protein remove 
oove basal* 

d Blood plasma 

Average concentratic 

n 

N.P.N. 

Tota 

protei 

AIbu 
n min 

Glob 

nlin 

Tota 

prote 

Albu 
n min 

- Glob 
uVm 


1 

2 

0 

4 

Low 

Basal 

(( 

U 

£m. 

39.6 

30.1 

37.2 

34.3 


I 

1 

per 

cent 

5 4.0 
4.0( 
3.3S 
3.6; 


per 

cent 

9 1.9 
1.8' 
5 1.6: 
) 1.8( 

me. Per 
100 cc, 

9 17 

9 20 

18 

20 

Total reser\’e above basal* 

61.2 

31. d 

29. S 



■ 

■I 

5 

Basal 

3.6 





m 

2.61 

16 

6 

« 

28.1 





1.26 

2.34 

19 

7 

<e 

10.8 


4.0 


mm 

1.14 

1.84 

16 

Average basal* 

14.1 


5.0 






8 

Liver 

27.7 

27.7 




1.94 

2.67 

23 

9 

« 

53.5 

53.5 



4.61 

2.27 

2.34 

35 

10 

Basal 

27.0 

7.0 

3.0 

4.0 


1.97 

2.65 

20 

11 


42.4 



14.5 

4.23 

1.49 

2.74 

IS 

12 

« 

31.0 

Iqb 


7.3 


1.37 

2.69 

19 

13 

« 

30.0 



6.8 

3.79 

1.22 

2.57 


Total regeneration due to liver 

131.6 

55.9 

75.7 





14 

Basal 

25.4 


8.1 

17.3 

3.48 

m 

2.38 

17 

15 

<{ 

16.6 


4.9 

11.7 

4.19 

1.23 

2.96 

12 

16 

it 

21.1 


7.1 

m 

3.46 

1.15 

2.31 

15 

Average basal* 

21.0 


6.6 

14.4 


B 

■ 




53.0 

m 

m 


5.24 

m 


38 



48.1 

28.1 


iSI 

5.02 

1.81 


20 

19 


29.0 

9.0 

3.9 

5.1 

3.78 

1.64 

2.14 

20 

Total regeneration due to casein 

70.1 

28.9 

41.2 






* Estimated basal output equivalent to 20 gm. plasma protein per ■week. 
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The ratio of food protein (vegetable) in the basal diet to plasma 
protein production is 88 gm. food protein per week and 20 gm. basal 
output per week— or 4.4 gm. vegetable protein are responsible for the 
production of 1 gm. plasma protein. Obviously this vegetable protein 
is utilized to very good advantage by the dog under these conditions 


Ti^BLE 4 

Bleeding, Nitrogen Balance, and Clinical Condition 


Dog 32-30. 


Periods 

7 days 

Diet 

Food ^ 
onstnnprioQ 

PTeisht 

Edema 

Kegative N 
balance 

Total 

bleeding 

hematocrit 



per cent 



gm. 

cc. 

per caU 

1 

Lotv 

80 

9.3 


21.2 

1,615 

33.9 

2 

Basal 

89 

9.2 

0 

20.2 

1,290 

28.3 

3 

It 

SO 

9.6 

0 


1,905 

28.1 

4 

It 

50 

9.9 

+++ 

16.9 

1,460 

26.3 

5 

(C 

88 

9.5 

++ 

9.1 

155 

29.1 

6 

it 

73 

7.7 

0 

11.6 

1,220 

29.4 

7 

« 

78 

8.8 

+++ 

8.2 

575 

34.8 

8 

Liver 

100 

8.2 

0 

-f94.2 

990 

37.7 

9 

it 

100 

8.5 

0 

-t-82.5 

1,925 

35.9 




8.9 

0 



37.1 


BBjjH 


8.8 

0 



30.0 


^BE^H 


8.7 

0 


iRIw « 

38.1 




8.6 

++ 


1,190 

31.1 

14 



8.6 


9.1 

1,105 

37.2 

15 




++ 


mm 

35.7 

16 



8.3 

++ 


HI 

34.0 

17 

Casein 

90 

8.7 

0 

+51.8 

1,500 

29.1 

18 

Basal 

58 

8.3 

0 

36.4 

1,500 

32.8 

19 


73 

7.8 

0 

14.6 

1,220 

26.1 


Basal ration 425 gm. daily. 


and we cannot say that the liver protein per 100 gm. ingested is more 
or less efficiently utilized. It is possible that the liver protein if given 
in such small amounts would be as completely utilized. Nor can we 
support the thesis of the Chinese investigators (15) that animal protein 
is north tnace as much as vegetable protein. ^luch more work is 
needed and from what is knorni at present we can only say that each 
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protein must be tested in the animal economy to give tlie answer to 
this question. 

The reserve storage (Table 3) amounts to 61 gm. plasma protein over 
and above the basal production on the standard basal diet— or 6.7 gm. 
per kilo body weight. It is of interest that albumin and globulin in 
about equal amounts (31.4 and 29.8 gm.) are represented in tliis reserve 
store. 

The hasal output per week (5th to 7th weeks) averages 14.1 gm. 
plasma protein but at a later period (14th to 16th weeks) averages 21 
gm. plasma protein. During both these periods tlie globulin removed 
amounts to twice the amount of albumin. Evidentl}’- on this basal 



ration the dog can form twice as mucli globulin as albumin. It is pos- 
sible that the vegetable and grain proteins favor tlie formation of glob- 
ulin more than do the animal proteins. 

Liver and casein diet periods show a greater amount of albumin pro- 
duction and during the 2nd week of liver feeding the albumin output 
practically equals tlie globulin production (Table 3 and Chart A). 

It is to be noted that this Dog 32-30 with a blood plasma volume o 
approximately 450 cc. had in circulation normally about 23 gm. tota 




R. L. HOtHAN, E. B. MAHONEY, AND G. H. Vi'HIPPLE 


plasina protein. The production per week, on the basal ration (20 gm. 
plasma protein) is almost as much as the circulating proteins while on 
the liver diet this figure per week may be 65 gm. plasma protein total 
output. The reserve of 61 gm. amounts to roughly three times the 
normal amomt of plasma protein in circulation. 

Clinical History, Dog 32-30.— A. young adult female about 1 year of age, initial 
■weight 10.1 kg. The plasma protein -was 5.2 per cent, albumin 3.3 per cent, and 
globulin 1.9 per cent. The blood plasma volume during the long period of observa- 
tion (5 months) varied but little and averaged about 450 cc. During the edema 
periods the blood plasma volume showed only slight change and averaged about 
420 cc. The 1st week of the esperiment the dog ■was on a lo-w protein diet in 
■which rice or white bread supplied the only protein. After this for the remaining 
19 weeks the dog was on the basal ration used in the other experiments. The 
food ration was given as described 425 gm. per da 3 ' and the percentage consump- 
tion indicated in Table 4. The 1st day’s bleeding amounted to 750 cc. whole 
blood in three separate exchanges done under ether anesthesia by placing cannulas 
in femoral vein and arterj" (September 30, 1932) (22). Following this the dog 
was bled by needle pimcture of jugular vein or femoral artery. Red blood cells 
suspended in glucose Locke’s solution were injected into jugular or femoral veins. 
From December 15, 1932 to February 21, 1933, blood was removed bj' cardiac 
puncture. On many occasions after several da}-s of bleeding quite marked 
hemolysis followed bj’ icterus would be noted. Coincident ■with this hemoh'sis, 
diarrhea and vomiting might ensue and the dog would refuse a part of its diet. 
Bleeding would be discontinued for a day or tu'o, the clinical condition would 
become normal, and the food intake return to the usual level. 

The Iher diet period of 2 weeks means a diet of cooked whole pig liver 300 gm. 
(fresh weight) dailj-. 

The casein diet period means 100 gm. commercial casein per da}* added to the 
basal ration of 425 gm. per daj-. 

During the last week of life the dog showed signs of infection ■with fever, icterus, 
prostration, and loss of appetite. This week was not included in Tables 3 and 4. 
Autopsy — Bilateral bronchopneumonia and acute pleuritis. Acute mitral and 
aortic and subacute tricuspid endocarditis (cardiac punctures). 

Table 4 gives other e.vperimental data on Dog 32-30 and supple- 
ments Table 3. It is seen that the food consumption is excellent but 
there is a slight loss of weight. There is a continuous negative nitrogen 
balance but the figures are somewhat high as the fecal nitrogen was not 
analysed but figured as 1 gm. per da}'. The plasma nitrogen removed 
by plasmapheresis is included in the nitrogen balance. The conspicu- 
ous positive nitrogen balance during liver and casein feeding is well 
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shown. The red cell hematocrit is too low to be considered normal 
but it is kno-RTi from anemia work with dogs in this laboratory that 
this degree of anemia does not cause any recognizable clinical or physio- 
logical disturbances. 

Edema appears when the total protein level approaches 3.5 per cent 
whether the albumin-globulin ratio is 1/1 or 1/2. The total protein 
level would seem more important than the albumin-globulin ratio or the 
total albumin concentration. Ascitic fluid obtained on one occasion 
showed 0.93 per cent total protein of which 0.26 per cent was albumin 
and 0.67 per cent globulin. 

Chart A illustrates beautifully the reaction of Dog 32-30 on the 
basal ration to a diet of liver. The dog showed a very low plasma 
protein level (plasmapheresis) with tissue edema and ascites. At 
first the albumin-globulin ratio is reversed but after a week of liver diet 
the albumin fraction returns toward normal and even shows tlie nor- 
mal preponderance of albumin. As the edema vanishes tlie loss of 
weight is shown vdth a subsequent gain in weight. The enormous out- 
put of plasma protein is shovm in Table 3 and it was found impossible 
to keep the usual low plasma protein level during tlie liver period. 
Wflien the basal diet is again resumed the usual preponderance of globu- 
lin promptly appears. 

DISCUSSION 

The ratio of albumin to globulin in the total plasma protein con- 
centration is of considerable interest and invites speculation. Few 
authors can resist this urge and too much space has been wasted on 
this elusive ratio. The normal ratio is about 2 parts albumin to 1 part 
globulin so it was logical to assume that these substances might be 
produced in about this same ratio. Experiments by many workers 
soon showed that as these substances were depleted the ratio might 
even be reversed so that the total plasma protein would show 1 part 
albumin and 2 parts globulin. 

Because some workers recorded sudden slufts in this ratio due to 
relatively simple procedures, it w^as assumed by certain wTiters that 
albumin could be changed readily to globulin or vice versa. This did 
not seem to be reasonable because of knowm chemical differences e- 
tween albumin and globulin and it is now believed that these earlier 
observations were in error due to method inaccuracies. 
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However it is well recognized that there may be a slow change in 
the albumin globulin ratio due to plasma depletion or even to diet 
alone (Table 1— Dog 32-394). It would appear that as the plasma 
proteins are used up their replacement may result in a more prompt 
output of globulin as compared with albu min . Certain diets may 
favor globulin production (vegetable protein) and others (liver) may 
favor albumin production (see Table 3 and Chart A). 

Why should liver feeding favor new plasma protein regeneration and 
especially serum albumin production? There may be several reasons 
for this observation (Table 3). It was- shown by Kerr, Hurwitz, and 
WTipple (10) that there was a reserce storage of material which could 
be t^own into the circulation after a short severe plasmapheresis and 
that a previous liver injury impaired this reaction. In Table 3 it is 
noted that the initial resene storage, which is exhausted by continued 
plasma depletion, is made up of albumin and globulin in about equal 
amounts. It is possible that this reserve store may be in large part in 
the liver and that albumin or its parent substances are well represented. 

Furthermore it is generally accepted that fibrinogen, the plasma 
globulin, is formed in the liver (9) and by no other body tissues. It 
is not too much to suspect that the liver is also largely concerned with 
maintenance of the total plasma protein concentration (22) . Also the 
liver protein in the food is known to favor the production of another 
important protein — ^hemoglobin. All this argument then is in harmony 
with the recorded observations (Table 3) that liver feeding exerts a 
potent influence on the regeneration of plasma proteins and in particular 
on the production of the albumin fraction. 

WTaen a dog wdth depleted plasma protein level is placed on a favor- 
able diet (liver or casein) there is a 3-4 day interv^al before the rapid 
regeneration and production of plasma protein is e\'ident. After the 
favorable diet period terminates and the dog is put back on the basal 
ration the active production of plasma protein continues briskly for 
5—7 days and tapers off slowly to the basal diet level. This we term 
the. “carr>' over” from the potent diet. 

Exactly the same reaction is noted in the stud)^ of hemoglobin regen- 
eration in dogs on various diets (21). Exidently it takes time for the 
body mechanism to elaborate these proteins from the various food 
factors and certain m: terials are stored in reserve during such a favor- 
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able diet period, which stores are used up or exliausted in the subse- 
quent basal diet period. 


SUMMARY 

^^^hen blood plasma proteins are depleted by bleeding and return of 
the washed red cells (plasmapheresis) the regeneration of new plasma 
proteins can be controlled at \rill by diet. The amount and cliaracter 
of protem intake is all important. 

Liver prolcin and casein are efficient proteins to promote rapid regen- 
eration of plasma proteins but some vegetable proteins are also efficient. 

The blood plasma proteins are reduced by plasmapheresis close to the 
edema level (3. 5-4.0 per cent) and kept at this level by suitable ex- 
changes almost daily. The amount of plasma protein removed is 
credited to the given diet period. 

A basal ration is used which is poor in vegetable protein (potato) and 
contains no animal protein. The dog on this ration can be kept in 
nitrogen balance but can produce only about 2 gm. plasma protein 
per kilo bod)’’ weight per week. With liver or casein feeding this pro- 
duction can be increased three- or fourfold. 

A reserve of protein building material can be demonstrated in the 
normal dog when its plasma proteins are depleted. In the first 3 
weeks of depletion this reserve in excess of the final basal output may 
amount to 30-120 gm. protein. This may be stored at least in part 
in the liver. As mucli as 50 per cent of this reserve may be albumm 
or albumin producing material. 

A reversal of the albnmm-globnliu ratio may be observed on the basal 
diet alone. The reversal vdll always follow plasmapheresis witli tlie 
dog on the basal diet and the total plasma protein output vdll consist 
approximately of 2 parts globulin and 1 part albumin. Liver diet 
will raise the production and output of albumin and bring the ratio 
back toward normal. Albumin production may actually exceed the 
globulin output during liver diet periods. The change is less con- 
spicuous with casein but in the same direction. 
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The statement that blood plasma proteins can be utilized freely in 
the body economy has an heretical flavor yet it seems difficult if not 
impossible to explain the experimental data given below on any other 
basis. Dogs receiving only sugar by mouth can be maintained prac- 
tically in nitrogen equilibrium by suitable amounts of blood plasma 
given intravenously. We realize that these statements will be chal- 
lenged but hope that the experimental data will be adequate to con- 
vince even the skeptic. 

Body metabolism can undergo extraordinarj" adjustments under the 
stress of emergency and we see the body produce large amounts of new 
hemoglobin and red cells during anemia periods with the diet intake 
limited to sugar and inorganic salts of iron. ]\Iore than 100 gm. new 
hemoglobin can be produced by the dog in a 2 week period and we must 
assume that the new hemoglobin comes from tissue protein breakdown 
and consen^ation. The details of this experiment have been reported 
(1) very recently. Furthermore, in anemia, during fasting periods 
alone, the dog is able to consers^e products coming from tissue break- 
down and produce a considerable amount of new hemoglobin (30-40 
gm . per 2 week period) . In this emergency the tissue or blood plasma 
protein must contribute to the formation of the much needed hemo- 
globin. 

When the plasma proteins are depleted (plasmapheresis) in short 
c.xpcriments (4), a rapid appearance of new plasma protein (reserve) 
and a slow return of plasma protein concentration to normal will be 
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observed during fasting periods. E\ndently tliis new plasma protein 
is produced in tlie body with zero protein intake and must come from 
reserve stores of plasma protein producing material or from breakdown 
and conservation of split products commg from tissue proteins. Both 
mechanisms may well be concerned. 

Another important example of this "give and take” between various 
body proteins vnthin the body was reported by Da^ns and 'WTiipple 
(2). Dogs poisoned vntli chloroform may show a liver necrosis in- 
volving two-thirds of all tlie liver parenchyma yet they can regenerate 
the liver back to normal on an mtake of sugar alone. This nail all 
take place ndthin 10-12 day'^s and represents a very’’ large production of 
highly specialized liver cell protein coming from other body’ protein and 
tissue cells or perhaps in part from plasma protein. 

One need not be surprised 'tlierefore in revienong the tabulated ex- 
periments below which indicate tliat body metabolism can utilize a 
surplus of plasma protein made available by intravenous injection ndth 
zero food protein by’ mouth. If tills mechanism comes into play so 
promptly’ in an emergency’ we must admit as a possibility’ that it may 
take place to a limited degree during normal metabolism. 

Fifty y’ears ago it was believed (Voit and otliers) tliat the plasma 
proteins had much to do with the nutrition of tissue cells but with the 
discovery’ that the amino acids were absorbed from the intestine and 
carried throughout the body’ attention was focused on these “building 
stones.” It was assuined purely’ on negative ei’idence that tlie plasma 
proteins were inert substances, hax’ing nothing to do ■witli tissue nutri- 
tion. This may’ be the proper time to rei’ise somewhat our conception 
of the plasma proteins, 'their usefulness and fate in the body’. 

One may inquire whether 'this in'troduced protein is broken down 
to amino acids before it is utilized in the body’. This question cannot 
be answered as y’et but some e'vidence is at hand to indicate that the 
breakdow’n does not carry’ to tlie end stage of the amino acids as tlie 
liver would probably deaminize some of tliis material and thereby’ 
increase ’tlie urea nitrogen in the urine. The urinary N does increase 
when the plasma protein is fed by’ mouth (Table 22). For the present 
we may’ imagine that 'the intravenously’ introduced plasma protein is 
broken down to "intermediates” before incorporation inte the^ body 
tissues. The same thing is observed (6) w’hen hemoglobin is injected 
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into the anenuc dog. The animal conserves either dog, sheep, or goose 
hemoglobin up to 90-100 per cent and builds it up into ne-w dog hemo- 
globin and red cells. 

Methods 

The two dogs used were maturing litter-mate male hounds with a normal adult 
weight of about 16 kg. Each experiment is divided into four periods: a fore-period 
of 2-5 days sugar feeding; then two 7 day periods of intravenous plasma injection; 
and finally a 5 day after-period of sugar feeding. The weight loss, urinary nitro- 
gen, urinary protein, plasma protein, plasma albumin, plasma globulin, plasma 
non-protein nitrogen, and plasma and blood volumes were determined during 
each period. 

Handling of Animals—Bach of the dogs was first vaccinated against distemper. 
Two or more intravenous injections of donor’s plasma were given to accustom the 
animal to the procedure. The dog was weighed daily in the morning before anj'- 
thing was done. All food was withheld for 3 daj-s to allow nitrogen elimination to 
reach a fasting level. The dog was then catheteiized and placed in a clean metab- 
olism cage. 2 hours before this and each subsequent catheterization 50 gm. of 
dextrose in 300 cc. of water was administered by stomach tube to favor a diuresis 
which would wash out residual nitrogenous waste products. Each succeeding day 
of the experiment the dog received this dose of sugar and water by stomach tube, 
usually between 2 and 3 o’clock in the afternoon. On alternate daj-s 15 gm. of 
kaolin were added to the dextrose solution in an attempt to prevent diarrhea. 
WTien the experiment was over the dogs were placed on kennel diet and were not 
used again until they had regained their former weight, usually periods of 6-8 weeks 
being required. 

Colleclion and Analysis of Urine Samples . — The urine was collected daily around 
4 p.m., this being the time of the stated catheterizations. The metabolism cage 
was kept in the laboratorj' imder dose observation throughout the day and urine 
voided was put aside in a separate bottle containing 5 cc. of toluol. A wire screen 
was placed beneath the floor of the metabolism cage to catch any hair or thick 
excreta. In this way contamination occurred only when the dog defecated or 
vomited and urinated before the cage contamination was detected and deaned out 
The few times that this did occur were at night. Care was taken to wash down 
the sides of the cage aith distilled water. The daily urinarj- output was diluted 
to a known volume (usually 500 cc.) and anah'sed for nitrogen and protein. Nitro- 
gen determinations were run in duplicate by the macro-Kjeldahl method. Results 
that did not check within 1 part in 60 were repeated; this reduces the probable 
error to less than 1 per cent. A modification of the gravimetric method of Folin 
and Denis (j) nas used to determine urinary protein excretion. One-tenth of the 
diluted urine nas boiled for 15 minutes with 5 cc. of 5 per cent acetic acid in a 100 
cc. centrifuge tube, centrifugalized at 2,500 R.p.ii. for 5 minutes or longer, the 
supernatant fluid poured off, the predpitate stirred up with 50 cc. of 0.5 per cent 
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acetic acid, again centrifuged and the supernatant fluid discarded; tlie precipitate 
stirred up again in SO cc. of 50 per cent alcohol and centrifuged for the tliird time. 
The supernatant fluid was again discarded, and tlie centrifuge tube stoppered and 
set aside for tlie next da}f’s analj'sis which was added directly to the precipitate in 
tlie tube. At the end of each period (5—7 daj^s) the precipitate was carefull)^ 
transferred to a Kjeldahl flask and its nitrogen determined b}’' the macro-method. 
The amount of the precipitate was so small by tlie usual gravimetric method tliat 
it is the belief of the authors tliat this modification not^onl}’’ facilitates tlie deter- 
mination but also increases its accuracj\ The prescribed metliod of Folin and 
Denis was used in the first experiment, and it was only ivitli tlie greatest aire Uiat 
one could get anything like satisfactor}' cliecks, for the usual dail}’’ precipitate was 
weighed in tenths of a milligram. At no time during this first experiment was the 
precipitate lieavj’’ enough to give a reading by the Esbach method. 

Supplemental Injections and Feedings . — During the periods of plasma injection 
a donor was bled 500 cc. into a flask containing 5 cc. of saturated sodium citrate, 
done usually in tlie morning. The blood was centrifugalized for 35 minutes at 
3,000 R.P.M. in 100 cc. centrifuge tubes, the plasma dravm off with suction, meas- 
ured, warmed to 40-45°C., and given b}’’ stomach tube or injected into the jugular 
vein as indicated in each experiment, approximately 15 minutes being required for 
the plasma to run into the vein. Sometimes during the injection of tlie last 100 
cc. the dog exhibited jerky movements of the extremities but these could be con- 
trolled by stopping the flow of plasma for a minute or so. A noticeable accelera- 
tion and decrease in the volume of the pulse usually preceded these jerky move- 
ments. These jerk}'' movements, and sometimes retching, were most frequently 
encountered during the first two or tliree injections; tliereafter the dog seemed to 
tolerate the procedure better. Occasionally, in spite of all precautions, tlie dog 
vomited during the latter part of tlie injection or soon after it was over, llflien tlie 
dogs were returned to their cages in a few minutes they appeared perfectly normal 
in all respects. 

All donors were large, healtliy dogs, weighing 25 kg. or more, and a sufficient 
number were used so that no donor was bled over tliree times during any 2 v eek 
period. The blood hematocrit of tlie donor was determined at each bleeding and, 
if found to be below normal, supplemental liver feeding or a rest period vas insti 
tuted. Emphasis is placed on these points for, in calculating the daily nitrogen 
intake, we have assumed that all donors’ plasma contains not less than 6 gm. o 
protein per 100 cc. At no time did the donors show tlie slightest ill effect of tliese 
repeated fairly large bleedings and they always ate all of tlieir liberal allowance o 
kennel diet. It is for these reasons tliat we feel justified in assuming tliat t ic 
donors’ plasma contained not less tlian 6 per cent protein, a figure about 0.5 per 
cent lower than tlie average of several actual determinations. 

EXPERIMENTAL OBSERVATIONS 

During the plasma depletion experiments in the preceding paper, a 
large surplus of normal dog plasma was available. Recent expen- 
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ments (5) in the laboratory had interested us m renal thresholds for 
hemoglobin which are very distinct and measurable values. It was 
thought that possibly a plasma protein renal threshold might be 
demonstrated if the concentration of plasma protein was pushed up to 
very high levels. To our surprise we fotmd that although large 
amounts of plasma protein were given intravenously several days each 
week there was practically no escape by way of the urine which showed 
only traces of protein. The plasma protein level could not be pushed 
up more than 50 per cent — ^the plasma protein was being removed 
from the circulation and not by -way of the urine. Obviously this 
called for a study of the nitrogen intake and output to understand 
what was happening. 

Preliminary Experiment, Bog 32-130 . — Between November 14, 1932 and Janu- 
ary- 20, 1933, this dog received 3,875 cc. of normal dog plasma containing approxi- 
mately 227 gm. protein. Injections of 150-250 cc. citrated plasma were given 
intravenously several times a week. Kennel diet of hospital table scraps was eaten 
throughout the entire period. The dog was immature and as it grew gained 
weight from 10 kg. to 14.5 kg. A litter mate as control reached the same weight on 
Januarj' 20. The dog was normal throughout. Total plasma protein at start was 
6.32 per cent. December 1, plasma protein = 7.37 per cent. December 31, 
plasma protein = 7.65 per cent. January 6, plasma protein = 7.04 per cent. 
The urine was followed closely for protein and at times showed a strong trace, 
again a faint trace, and often was negative for protein. Obriously there was no 
significant urinarj- escape of these plasma proteins nor were the \’alues for blood 
plasma protdn concentration much above normal. 

Table 21 gives in summaty three e.xperiments on the same dog 
(32-131) with suitable rest periods of 6-8 weeks between to permit of 
complete return to normal weight. The table shows the experiments 
in the order in which the)' were done but perhaps we may best con- 
sider the last or control e.xperiment first. The dog received only 50 
gm. dextrose and water by stomach tube daily. There is a steady loss 
in weight and a uniform negative nitrogen balance of 1.8-2. 1 gm. 
daily. There is the usual concentration of plasma volume from 850 
cc. to 450 cc, observed in fasting dogs. There is little change in values 
for total proteins in the plasma but the albumin-globulin ratio does 
change. At the start the dog shows a somewhat unusual A/G ratio 
1.0 which subsequently falls to A/G 0.76 with a rise in globulin values. 
These figures arc given in the cUuical history of Dog 32-131 below. 
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The figures for total circulating plasma protein obviously show a con- 
siderable loss (48 per cent) from 49 gm. to 25 gm. 

\\^ien we contrast this control experiment (Dog 32-131) with the 
first^ experiment, Table 21, tliere are many significant differences. 
During the 2 week period of plasma injection the dog receives 179 gm. 


TABLE 21 

Plasma Protein Given by Vein Utilized in Body.— Sugar Control 
Dog 32-131. 


Experimental periods 

Days 

Injected 

plasma 

N. 

daily 

average 

Uri- 
narj- N, 
daily 
average 

Nega- 
tive N 
balance, 
daily 
average 

Urinarj* 

Nas 

protein 

N, 

daily 

average 

Total 

blood 

plasma 

protein 

Circu- 

lating 

plasma 

protein 

period 

end 

Weight 

at 

period 

end 

First Plasma protein bj' vein — sugar b}"- stomach tube 



gm. 

£m. 

gm. 

£m. 

fer cent 


ts- 

Fore-period 

s 

0 

1.649 

1.649 

0.0 

5.25 


15.44 

Plasma protein SI gm 

7 


2.165 


0.011 

6.94 

47.3 

14. 7S 

ti it « 



1.476 



7.01 

44.7 

13.92 

After-period 


0 



0.011 

6.06 

42.2 



Second Plasma protein by vein — sugar and fat feeding 


Fore-period 

5 

0 

2.499 

2.499 

0.003 

5.94 

42.2 

11 

Plasma protein 112 gm 

7 

2.565 

2.446 

BS«iUj 

0.052 

7.62 

64.2 

Wi 

“ “ 103 “ 


2.366 

2.436 


0.021 

8.46 

59.3 


After-period 


0 


BB 


7.33 

51.9 

M 


Third Sugar alone by stomach tube 


Control 

5 

0 

1.826 

1.826 

0 

6.77 

48.9 

m 

« 

7 

0 


2.105 

0 

6.17 

40.7 

wm 

U 


0 

1.897 

1.897 

0 

5.98 

37.8 

15.57 

a 


0 


— 

0 


25.3 

15.17 


plasma protein and not more than 1 per cent of tliis escapes in the 
urine. About 10 gm. remains in the circulation or 5 per cent. If we 
compare this with the control fall in plasma protein of about 20 gm. ve 
may say that another 10 per cent should be added making approxi- 
mately 15 per cent protein which is accounted for. Therefore about S5 
per cent of the injected protein is used up in the body metabolism and 
we note a positive nrinary nitrogen balance between protein N intake 
and urinary N output. If we include the fecal N loss (about 0.8 gm. 
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daily) and the loss due to bleeding (blood volume and plasma protein 
determination) the total nitrogen balance is slightly negative and 
during this 2 week period there is a loss of 1.5 kg. body weight- 
compare with loss of 2.3 kg. in sugar control period. There is no 
significant change in the albumin-globulin ratio but a moderate rise 
in plasma volume and circulating plasma protein. 

The second experiment, Table 21, shows a similar reaction with 215 
gm. plasma protein injected and a slight positive nitrogen balance 
between protein N injected and urinary nitrogen. The dog con- 
sumed 885 calories daily of fat and sugar during the 1st week and 590 
calories daily in the 2nd week. During this 2-week period there was 
loss of weight of 1.0 kg., most of this in the 2nd week — compare 
with the control on sugar alone of 2.3 kg. body weight loss. The 
plasma volume remains unchanged as does the albumin-globulin 
ratio. There is a gain of about 10 gm. circulating plasma protein. 

Clinical Summary 

Dog 32-131 — See Table 21, first experiment. 

March 3. Weight 17.2 kg., young mongrel hound. Plasma protein = 5.6%; al- 
bumin = 3.61%; globulin = 1.99%; N.P.N. = 20 mg.; plasma volume = 762 
cc.; blood volume = 1,552 cc.; red cell hematocrit = 50%. 

March 5-7. All food ■withheld. Weight fell to 16.3 kg. 

March 8. Daily 50 gm. glucose -f 300 cc. ■water by stomach tube. Catheteriza- 
tion to start metabolism experiment. 

March 12. Plasma protein = 5.25%; albumin = 3.54%; globulin = 1.71%. 

Catheterization. Plasma injection begun, 
hlarch 14. Plasma volume = 629 cc,; blood volume = 1,234 cc.; red cell hemato- 
crit = 49%. 

March 19. Plasma protein = 6.94%; albumin = 3.98%; globulin = 2.96%; 
N.P.N. = 18 mg. Catheterization. 

March 20. Plasma volume = 685 cc.; blood volume = 1,161 cc.; red cell hemato- 
crit = 41%. 

March 26. Plasma protein = 7.01%; albumin = 4.28%; globulin = 2.73%; 
N.P.N. = 24 mg. Catheterization. 

March 27. Plasma volume = 637 cc; blood volume = 1,043 cc; red cell hema- 
tocrit = 38%. 

March 31. Plasma protein = 6.06%; albumin = 3.89%; globulin = 2.17%; 
N.P.N. = 16 mg.; plasma volume = 696 cc.; blood volume = 1,209 cc; red cell 
hematocrit = 41%. Final catheterization. No fecal contamination of urine 
during entire period. Dog put on kennel diet. 
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Second experiment — Table 21. 

May 26. Weight 19.1 kg. Plasma protein = 6.51%; albumin = 4.10%; globulin 
= 2.41%; N.P.N. = 23 mg.; plasma volume = 730 cc.; blood volume = 1,551 
cc.; hematocrit = 52%. 

May 25-27. All food withheld; weight fell to 18.8 kg. 

]\Ia)^ 28. Daily 50 gm. glucose witli 300 cc. water by stomach tube. 15 gm. kao- 
lin on alternate da 3 's. Catheterization to start experiment. Plasma protein = 
6.33%; albumin = 4.03%; globulin = 2.30%; N.P.N. = 25 mg.; plasma vol- 
ume = 736 cc.; blood volume = 1,446 cc.; red cell hematocrit = 48%. 

June 2^ Plasma protein = 5.94%; albumin = 3.18%; globulin = 2.76%; N.P.N. 
= 17 mg.; plasma volume = 710 cc.; blood volume = 1,420 cc.; red cell hema- 
tocrit = 50%. 

June 2-7. 30 gm. maj'onnaise 4- 20 cc. cod liver oil in addition to glucose. 

June 9. Plasma protein = 7.62%; albumin = 4.68%; globulin = 2.94%; N.P.N. 
= 15 mg.; plasma volume = 842 cc.; blood volume = 1,414 cc.; hematocrit = 
40%. Catheterized. 

June 10. 25 gm. lard. 

June 11-16. 50 cc. cotton seed oil bj' stomach tube; retained every day e.xcept 
June 15. 

June 12. Gross contamination of urine with feces. 

June 16. Plasma protein = 8.46%; albumin == 4.88%; globulin = 3.5S%;N’.P.N. 

= 18 mg.; plasma volume = 701 cc.; blood volume = 1,287 cc.; red cell hema- 
tocrit = 44%. Catheterized. 

June 21. Plasma protein = 7.33%; N.P.N. = 19 mg.; plasma volume = 70Scc.; 
blood volume = 1,235 cc.; red cell hematocrit = 40%. Final catheterization. 
Placed on kennel diet. 

Third experiment — ^Table 21. 

August 2. Weight 19.5 kg. Plasma protein = 6.40%; albumin = 3.04%; glob- 
ulin = 3.36%; N.P.N. = 16 mg.; plasma volume = 869 cc.; blood volume = 
1,675 cc.; hematocrit = 48%. Total fasting. 

August 3. Total fasting. 

August 4. Plasma protein = 6.20%; albumin = 3.15%; globulin = 3.05%, 
N.P.N. = 9 mg.; blood volume = 1,858 cc.; plasma volume = 1,010 cc.; hema- 
tocrit = 46%. Catheterized at 11:00 a.m. to start experiment. 

August 5-25. 50 gm. of glucose b\' stomach tube with 300 cc. of water. 15 gm. 

of kaolin added on alternate daj-s. _ -ct. 

August 9. Plasma protein = 6.77%; albumin = 2.90%; globulin = 3.8/ /o; 
N.P.N. = 8 mg.; blood volume = 1,413 cc.; plasma volume = 722 cc; hema- 
tocrit = 49%. Catheterized at 11:00 a.m. _ , c-r*. 

August 16. Plasma protein = 6.17%; albumin = 2.60%: globulin = 3.5/ /c! 
N.P.N. = 13 mg.; blood volume = 1,220 cc; plasma volume = 660 cc; red 

cell hematocrit = 46%. Catheterized at 11:00 a.ra. ^ ^ -ir'. 

August 23. Plasma protein = 5.98%; albumin = 2.44%; globulin = 3.o4/c, 
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N.P.N. = 8 mg.; blood volume = 1,078 cc.; plasma volume = 632 cc.; hemato- 
crit = 41%. Catheterized at 11:00 a.m. 

August 25. Weight 15.2 kg. Plasma protein = 5.62%; albumin = 2.52%; glob- 
ulin = 3.10%; N.P.br. = 9 mg.; blood volume = 792 cc.; plasma volume = 
452 cc.; hematocrit = 43%. 


TABLE 22 


Plasma Protein Given by Vein Utilized in Body. — Control Plasma by Mouth 
Dog 32-130. 


Experimental periods 

Daj-s 

Injected 

plasma 

N, 

daily 

average 

Cri- 

narj'X, 

dafly 

a\'erage 

Xega- 

tiveN 

balance, 

dafly 

a%'erage 

Urinary 
X as 
protein 

X. 1 

daily ! 
average 

Total 

blood 

plasma 

protein 

Circu- 

lating 

plasma 

protein 

period 

end 

Weight 

at 

period 

end 


First Plasma protein bj' vein — sugar by stomach tube 




gm. 

gm. 

gm. 

SR. 

f-cr cent 


kc. 

Fore-period 

2 

0 

1.718 

1.718 

0.0 

7.33 

45.2 

13.86 

Plasma protein SS gm 

7 

MIIM 

1.9SS 

-f0.012 

0.022 

7.33 

46.0 

13.18 

“ “ KM “ . ... 

7 


1.5« 

-fO.825 

0.005 

8.60 

52.2 

12.49 

After-period 

5 

0 


1.895 


6.28 

36.8 

11.76 


Second Plasma protein by vein — sugar and fat by mouth 


Fore-period 

5 

0 

2.681 

2.684 

0.001 

5.77 

33.5 

■ 



2 0.8.3 

1.869 

-1-0.616 

0 001 


47 3 

K £ 

“ * “ 120 

7 


2.614 

-1-0.136 

0.010 

9.74 

68.8 


After-period 

5 

0 

2.492 

2.492 


7.79 

59.7 

12.54 


Third Plasma protein and sugar by mouth 


Fore-period 

5 

0 

2.212 

2.212 

0 

5.55 

35.3 

14.32 

Plasma protein 139 gm 

7 

3.17* 

3.130 

-fO.040 

0 

4.76 

28.8 

13.47 

“ “ 125 “ 

7 

2.85* 

2.970 

0.120 

0 

5.63 

25.1 

12.90 

After-period 

:) 

0 

1.970 

1.970 

0 

5.52 

31 .6 

12.33 


* Plasma protein given by mouth. 


Table 22 shows three e.vperiments on the same dog (32-130) with 
6-8 week rest intert-als for complete weight recover}'. This dog is 
slightly smaller and was given more plasma protein by vein so the 
results are even a bit more striking. During the first experiment the 
dog received 192 gm. plasma protein by vein and 50 gm. glucose tvith 
water by stomach tube. The loss of protein in the urine was less than 
1 per cent. There was a positive nitrogen balance between the nitro- 
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gen given by vein and that eliminated in the urine. The fecal nitro- 
gen was analysed and found to be 0.8 gm. per day and together with 
the routine bleeding for analyses gives atotalnegativenitrogen balance. 
The loss of body weight in these 2 weeks is 1.3 kg. and is to be com- 
pared ^vith the third experiment on the same dog with plasma protein 
by mouth and a body weight loss of 1.4 kg. 

The second experiment (Table 22) is even better as more protein is 
given by vein (229 gm.) and more calories are taken by mouth •«ith a 
very small total weight loss of 0.7 kg. During the 1st week a daity 
caloric intake of 1,020 was attained (fat and sugar) but the dog re- 
fused some of this mixture in the 2nd week and consumed only 680 
calories daily. There was no change in the albumin-globulin ratio 
but a small increase in plasma volume and total circulating plasma 
protein. 

The third experiment (Table 22) is of considerable importance and 
gives a different type of control. The dog was fed plasma protein by 
stomach tube in the amounts tabulated in addition to 50 gm. glucose 
daily. The plasma protein by mouth exceeds somewhat that given 
by vein and the urinary nitrogen is definitely higher due to this protein 
by mouth. This suggests deaminization by the liver. The loss of 
body weight (1.4 kg.) exceeds considerably the loss in the second 
plasma injection experiment on the same dog (0.7 kg.). Evidently 
the protein by vein is a little more completely utilized to form new 
protein in the body than the same protein given by mouth. The fecal 
nitrogen was analysed and found to be 0.8 gm. per day, the same 
amoimt recorded when the plasma was given by vein. The plasrna 
volume fell from 700 cc. to 570 cc. or less and there was a change in 
the albumin-globulin ratio due to the limited food protein intake. 
The albumin-globulin ratio fell from 1.5 to 0.9 indicating probably a 
more rapid production of globulin and a loss of total proteins ndth tlie 
fall in the plasma volume. 

Clinical Summary 

Dog 32-130— See Table 22, first e.xperiment. 

Weight 15.3 kg., young mongrel hound. 

January 21-23. AH food withheld, vreight fell to 14.1 kg. 

January 24. Plasma protein = 6.63%; plasma volume = 700 cc., oo vo 
= 1,385 cc.; hematocrit = 49%. Catheterized to begin e.xpenment. 50 gm. 
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of glucose 300 cc. of -water given by stomach tube everj’ day until end of 
experiment. IS gm. kaolin on alternate daj's. 

January- 26-Februar>- 9. Plasma protein injections. 

February- 2. Plasma protein = 7.33%; albumin = 4.70%; globulin = 2.63%; 
N.P.N. = 22 mg.; plasma volume = 628 cc.; blood %-olume = 1,105 cc.; red 
cell hematocrit = 42%. Catheterized. 

February- 9. Plasma protein = 8.60%; albumin = 5.48%; globulin = 3.12%; 
N.P.N. = 27 mg.; plasma volume = 607 cc.; blood volume = 964 cc.; red cell 
hematocrit = 37%. Catheterized. 

February- 14. Plasma protein = 6.28%; albumin = 4.16%; globulin = 2.02%; 
N.P.N. = 22 mg.; plasma volume = 586 cc.; blood volume = 944 cc.; red cell 
hematocrit = 38%. Dog placed on ketmel diet. 

Second experiment — ^Table 22. 

May 1. Initial -weight 15.8 kg. 

May 1-3. All food -withheld. Weight fell to 15.0 kg. 

May- 3. Plasma protein = 5.63%; albumin = 3.87%; globulin = 1.76%; N.P.N. 
= 29 mg.; red cell hematocrit = 48%. Catheterization to start metabolism 
experiment. 50 gm. glucose in 300 cc. water given daily by- stomach tube. 15 
gm. kaolin added on alternate days. 

May- 9. Plasma protein = 5.77%; albumin = 3.61%; globulin = 2.16%; N.P.N. 
= 18 mg,; plasma volume = 581 cc.; blood volume = 1,039 cc.; red cell hema- 
tocrit = 44%. 

May- 9-13. 50 gm. lard daily. 

May- 14. Received no fat. 

May- 15. Received 100 gm. may-onnaise; 40 cc. cod liver oil; 100 gm. karo com 
sy-rup. 

May 16. Plasma protein = 7.52%; albumin = 4.51%; globulin = 3.01%; N.P.N. 
= 14 mg.; plasma volume = 629 cc.; blood volume = 1,220 cc.; red cell hema- 
crit = 45%. Received 20 gm, mayormaise, 10 cc. cod liver oil, 20 gm. karo. 
May 17. 75 cc. of cotton seed oil. 

May 18-20. Received 35 cc cotton seed oil daily with urinary- contamination by 
vomitus on last day. 

May 22. 40 cc. of cotton seed oil. 

May 23. Plasma protdn = 9.74%; albumin = 5.92%; globulin = 3.82%; N.P.N. 
= 26 mg.; plasma volume = 706 cc; blood volume = 1,146 cc; red cell hema- 
tocrit = 36%. 

May 28^ Plasma protein = 7.79%; albumin = 4.93%; globulin = 2.86%; 
N.P.N. = 21 mg.; plasma volume = 766 cc.; blood volume = 1,155 cc; red 
ccU hematocrit = 34%. Dog placed on kennel diet. 

Third experiment — ^Table 22. 

June 20. IVeighs 16.6 kg. Plasma protein = 5.90%; albumin = 3.51%; glob- 
ulin = 2.39%; N.P.N. = 20 mg.; blood volume = 1,482 cc; pbsma volume = 
797 cc 
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June 20-22. All food withheld. Weight fell to 15.5 kg. 

protein = 5.51%; albumin = 3.36%; globulin = 2.15%; 
N.P.N. - 34 mg.; blood volume = 1,213 cc.; plasma volume = 684 cc.; hema- 
tocrit = 43%. 50 gm. dextrose, 3 gm. kaolin. Catheterized to begin metab- 
olism experiment. SO gm. glucose in 300 cc. water given daDy by stomach tube 
with 15 gm. kaolin on alternate days. 

June 28. Plasma protein = 5.55%; albumin = 3.17%; globulin = 2.38%; N.P.N. 
= 26 mg.; plasma volume = 636 cc.; blood volume = 1,064 cc.; hematocrit = 
39%. Catheterized. 

June 29-Julj' 13. About 250 cc. normal blood plasma by stomach tube given 
daily. 

July 5. Plasma protein = 4.76%; albumin = 2.58%; globulin = 2.22%; N.P.N. 
= 12 mg. Catheterized at 4:00 p.m. Blood volume = 1,060 cc.; plasma vol- 
ume = 585 cc.; hematocrit = 45%. 

July 12. Plasma protein = 5.63%; albumin = 3.37%; globulin = 2.37%; 
N.P.N. = 13 mg.; blood A'olume = 814 cc.; plasma volume = 445 cc.; hemato- 
crit = 45%. Catheterized. 

July 17. Plasma protein = 5.52%; albumin = 2.66%; globulin = 2.91%; 
N.P.N. = 14 mg.; blood volume = 821 cc.; plasma volume = 574 cc.; hema- 
tocrit = 45%. Catheterized. 


DISCUSSION 

There is great temptation to use these facts to speculate about tlie 
problems of edema and hypoproteinemia in hmnan disease. Perhaps 
discretion has some merit and we may leave these observations to the 
clinical investigators to use as they see fit in the study of human 
material. Observations in liver disease should prove to be of unusual 
value. 

It may be proper to inquire whether there is e\'idence that the 
plasma proteins are rapidly depleted by fasting and restored by heavy 
protein feeding. The first paper (Chart A) shows how promptly 
the low plasma protein level will be restored by liA^er feeding. 
Fasting usually does not modify the total protein concentration in the 
plasma and the albumin-globulin ratio may not be changed. But 
fasting does cause conspicuous shrinkage of the blood plasma volume 
and therefore the total amount of circulating protein may decrease to 
70, to 60, or even to 50 per cent of normal and represents a considerable 
loss of plasma protein — relatively more than the loss of general tissue 
protein (weight loss). To bring evidence for a considerable degree of 
rapid fluctuation in plasma proteins directly referable to diet intake 
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or fasting is a possibility. It seems certain that over periods of 
several days the plasma protein in circulation can he decreased by 
fasting or increased by hea\^’- protein feeding. 

It -will be noted that in all the plasma injection experiments (Tables 
21 and 22 and clinical histories, Dogs 32-130 and 131) there is a fall 
in hematocrit of about 10 per cent and this represents a loss of about 
100 gm. hemoglobin -when we calculate for changes in blood volume. 
This is very close to the actual amount of red cells and hemoglobin 
removed during the course of the experiment for routine analysis 
of plasma protein, blood volume, and red cell hematocrit. Usually a 
dog would regenerate new hemoglobin and red cells promptly to make 
up this loss but this reaction does not follow. As a possible explana- 
tion we refer to evidence that blood transfusions may inhibit red cell 
regeneration. If simple plasma transfusion has this same effect it may 
have some bearing on a correct explanation of this phenomenon. At 
any rate it seems fair to say that none of the injected plasma protein 
is utilized to form new hemoglobin. 

The albumin-globulin ratio is imchanged after a long series of 
normal plasma injections. This -would indicate that the body uses 
both these proteins in about the same amoimts as represented in the 
normal plasma — not using more albumin than globulin. WTien we 
observe that in forming new plasma protein especially on a low protein 
intake we may see a preponderance of globulin, this suggests that 
globulin is more easil}* formed than albumin rather than that albumin 
is used up more expeditiously. 

This “dj-namic equilibrium” may mean a tidal ebb and flow between 
tissue protein and plasma protein. One may embrace in this equilib- 
rium the food proteins but there seems to be little question that food 
proteins contribute to tissue proteins and plasma proteins depending 
upon the immediate needs. 

Without food protein both the plasma and tissue proteins are pro- 
gressively depleted and it is of interest to note that the plasma proteins 
may be relatively more depleted than are the tissue proteins (refer to 
Table 21 , fasting alone, Dog 32-131). With adequate or high protein 
intake both plasma and tissue protein are restored and again this 
change is most conspicuous in the plasma proteins (Chart A, Paper I). 
There is much er’idence that plasma proteins are more labile substances 
than arc tissue proteins. 
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SUMMARY 

Large amounts of normal blood plasma can be given intravenously 
to normal dogs over several weeks without causing any significant 
escape by way of the urine. There appears to be no renal threshold 
for plasma protein even with high plasma protein concentration 
(9.7 per cent). 

Dogs receiving sugar by mouth and plasma by vein can be kept 
practically in nitrogen equilibrium and it would seem that the in- 
jected protein must be utilized by the body. If this can happen in 
this emergency we may suspect that normally there is a certain amount 
of '‘give and take” between body protein and plasma protein. 

Plasma protein fed by mouth under identical conditions shows the 
same general reaction as noted with plasma by vein but the urinary 
nitrogen is a little higher and suggests that the injected protein is 
utilized a little more completely to form new protein. The difference 
may be explained as due to deaminization in the case of protein by 
mouth. 

During fasting periods the blood plasma proteins are used up and 
the total circulating protein may even decrease to one-half the normal 
level. The plasma protein concentration changes but little and the 
significant change is a shrinkage of plasma volume. 

All these facts point to a dynamic equilibrinin between tissue protein 
and plasma protein depending upon the physiological needs of the 
moment. In the absence of food protein the body can use material 
coming from one body protein to fabricate badl)'' needed protein 
material of different character.. 
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Certain reactions of rabbits to intradermal injection of living non- 
hemolytic streptococci have been studied in detail by Svdft and his 
coworkers (1, 2), who demonstrated that such injections properly 
spaced induce a condition in all respects comparable to the sensitiza- 
tion of infection (tuberculin allergy). 

Among the detectors of this condition is the lethal test, which con- 
sists of intravenous injections of living cultures in doses comparatively 
innocuous for normal animals, but which cause the death of about 50 
per cent of sensitized rabbits in from 24 to 48 hours. Macroscopic 
postmortem findings in animals so djdng include swelling and edema 
of hunph nodes and thj-mus, with gross hemorrhages into these or- 
gans, and also into the tricuspid ring, subperitoneal tissues, and else- 
where (1). Because lethal inocula regularly induce severe tissue 
damage, it has seemed of interest to determine what lesions, if any, 
might follow the administration of non-lethal doses. 

EXPERIMENTAL 

Method of Sensitization. — Sensitization of animak has been induced by repeated 
intradermal inoculation u-ith appropriate doses of li-ving 24 hour broth cultures of 
knouTv sensitizing strains of non-hemoUtic streptococci. In a few instances hemo- 
lyric streptococci, cither luring or as heat-killed vaccines, have been employed in 
addition. More frequently, however, indifferent Streptococcus Q 153 has been 
used, inasmuch as its sensitizing and shocking capacities have been thoroughly 

2S3 
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tested (3). Sensitizing injections of non-hemol 3 ’'tic streptococci have been given 
over periods ranging from 3 to 10 weeks, with a total dosage of blood broth culture 
varj'ing between 0.15 and 2.11 cc. (4). Living hemoh'tic streptococci have been 
used in such minute quantities that a total of 0.00022 cc. of living culture has not 
been exceeded; but as much as 4.44 cc. of vaccine made witli this organism 
has been administered to one group. \'accines of hemolj’tic streptococci have 
been prepared by heating at 56°C. for 1 hour tlie washed sediment from 24 hour 
infusioir broth cultures, tlien resuspending tlie sediment in a volume of phj'sio- 
logical salt solution equal to that of the original culture. Following tlie prelinii- 
nar)' intradermal injections, the intravenous inoculum has consisted of doses 
varying from 1 to 5 cc., never exceeding a total of 6 cc. altogether, and this total 
has been dhnded variously into one, two, or tliree doses, given a daj’' or two apart. 
As the 5 cc. quantit}-^ forms a large fraction of the shocking dose (1), it has been 
infrequentl}’- emplo 3 ’ed; more often divided doses of 1 or 2 cc. have been given. 
Indifferent Streptococcus Q 155 has uniforml 3 ' been employed for tlie intravenous 
treatment. 

Coulroh . — Several sets of controls were studied. One series of animals was 
sensitized by intracutaneous inoculation, then sacrificed witliout receiving any 
intravenous treatment. A second set was treated intravenousl 3 ' from tlie begin- 
ning, with tlie same amounts of culture as were given to a group simultaneously 
undergoing intracutaneous sensitization. Failure of h 3 -persensitiveness to de- 
velop in this group confirms the observation of Scliultz and Swift (5). Otlier 
animals received onl 3 '’ an intravenous dosage similar to that administered to sensi- 
tive animals at the termination of an experiment. Finalh’, a small group was kept 
under laborator 3 ’’ conditions, witliout receiving an 3 ’’ treatment whatever with 
bacteria. 

The development and extent of sensitization was judged b}’- means 
of the ophthalmic reaction (2). In addition, graded doses of bacteria 
were administered intradermally, and the size and course of the re- 
sulting lesions were observed daily for 72 hours (1). In the case of 
unsensitized controls, hotvever, the intradermal inoculations were 
omitted, inasmuch as no increment of allerg}’’, however slight, was 
considered desirable. 

Preparation of Except for a small number which perished witliin 24 

hours of tlie intravenous treatment, all animals were sacrificed on the da}' follov 
ing tlie final injection unless othenvise noted. Some were diloroformcd; o icre 
killed by a sharp suboccipital blow. Autopsies were performed at once, and sma 
pieces of various organs — thymus, heart, lung, liver, spleen, adrenal, ’ 

h'mpli node, and bone marrow — ^u'ere fixed in Zenker-acetic add mixture. am 

fin sections were prepared and stained with metlwlenc blue and eosin, an vi 
\}^eigert-\^an Gieson for elastica and connective tissue. Sections were studie } 


C. H. HITCHCOCK, A. K. CAMERO, AND H. F. SWIFT 


285 


one of us (A. R. C.) who had no knowledge of the Ueatment previously adminis- 
tered to anj' animal. 

The Characteristic Lesio?ts.— The most characteristic microscopic 
changes in positively reacting animals were found in the lung, liver, 
spleen, lymph nodes, and bone marrow. Scattered throughout the 
sections of the lungs were numerous, more or less uniform perivenous 
lesions consisting of definite collars six to ten cells in thickness (Figs. 
1 and 4). The vessel wall at the site of the lesions was moderately 
edematous, and in some instances showed separation of the elastic 
fibers; in nearly all there were proliferation and swelling of the 
endothelial lining. The predominant cell in the perivascular lesion 
was large and irregularlj’’ shaped, about two and a half times the 
diameter of a mature lymphocjiie (see Fig. 5). The C 3 i;oplasm 
was either homogeneous and deeply basophilic, or finelj’- vacuolated 
and more faintly basophilic, with gradations between these two 
varieties. The rather large nucleus was pleomorphic — round, in- 
dented, horseshoe-shaped, club-shaped, or elongated. The nucleus 
was vacuolated, and contained dense chromatin packed at or near 
the center, apparently forming one to three nucleoli; masses of 
chromatin were also condensed at the periphery. Occasionally, 
delicate threads could be seen bridging the vacuolated gap between 
the central and peripheral masses of chromatin. Engulfed in the 
c>*toplasm of the more faintly basophilic cells, which were considered 
as more mature forms of the cell under consideration, pyknotic nuclei 
of poljmorphonuclear leukoc 3 'tes were occasionally observed. 

In addition to these basophilic cells, the perivascular lesions con- 
tained mature l 3 mphoc 3 i;es, a few eosinophiles, and other granulocy'tes. 
It is interesting to note that there was no e\idence of local tissue de- 
struction in the lesions and neither fibrin deposition nor attempt at 
reparative processes. 

In the liver there were similar perivascular aggregates of large baso- 
philic cells, l 3 mphoc 3 'tes, and granuloc 3 'tes, particularly around the 
small branches of the hepatic artery- at the periphery- of the lobules 
(Figs. 2 and 3). The larger and more fully developed lesions also 
encircled the adjacent branch of the portal vein and the bile duct. 
In addition, the large basophilic cells were also found free in the 
liver sinusoids, where they could easily be differentiated from the 
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ordinary KupfTer cells normally occurring in this position. Among 
both controls and sensitized animals, were found a few cases of so 
called spontaneous cirrhosis of the liver, consisting of tj^ical peri- 
portal fibrosis, lymphocytic infiltration, and regeneration of liver 
lobules. In view of the absence of fibrous tissue and other ewdences 
of repair from the latter, and because of the distinct differences in 
cellular architecture, no difficult}'’ was encountered in differentiating 
the spontaneously occurring lesion from that experimentally pro- 
duced. 

The large cell vrith basophilic cytoplasm predominating in the peri- 
vascular lesions is found normally in l}mph nodes, spleen and other 
lymphoid tissue. In the h}'persensitive animals marked h}'perplasia 
and congestion were noted in l}mphoid structures, and large baso- 
philic cells were found in abundance in the sinuses of tliis h}'perplastic 
lymphoid tissue and also in the pulp of the spleen. In tlie few speci- 
mens of bone marrow secured from such animals they were also present 
in increased numbers. In l}'mphoid tissue, where these cells were 
not gathered into definite aggregates, their cytologic features were 
more constant; the cytoplasm was more uniformly basophilic and the 
nucleus tended to be more constantly round. 

The Experimental Animals . — ^For convenience, the experimental ani- 
mals, exclusive of controls, were divided into four groups. 

Group I consisted of six animals, eaclr of ■whicli received on one da}' only intra- 
dermal inoculations of sedimented growth from 5 cc. of 24 hour blood broth cul- 
ture of Streptococcus viridaus V 92. 2 ■weeks later, when ophthalmic tests were 
performed, onh' two of tlie six showed marked sensitization. After the lapse of a 
furtlier week, intravenous treatment witli tire homologous organism was begun, 
each animal received twice daily 1 cc. of culture per 2.5 kilos body weight. Three 
subgroups of two animals each were formed; one received 1 da}' of intravenous 
treatment, one 2 da 3 'S, and one 3 days. One of the animals having ophthalmic 
hypersensitivit}' died following the 1st day’s treatment, and the other after 2 dar s . 
The survivors were chloroformed. Unfortunately the material available from 
these animals was limited, as these e.xperiments were made before this study was 
planned; no lung tissue is at hand, and hepatic tissue from one only. Car lac, 
renal, and adrenal tissues were uniformly free from the lesion described abo\c, 
in three of the six, however, tire characteristic cells were present in increased nom 
her in thymus, spleen, and bone marrow. Two of these tliree animals 
ophthalmic In-persensitivit.v, 5 'et the liver from one of tliese tvo revea e c 
perivascular aggregates in moderate degree. Tissues from one of the sensi i 
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rabbits showed no striking alteration. Of the three reacting animals, two had 
been treated intravenously for 3 days, one for 2 days. In this group, therefore, 
the tissue reactions were apparently more closely dependent upon the prolongation 
of the intravenous treatment than upon the preliminary- sensitization. It ap- 
pears, however, from a consideration of Groups III and ri' that the omission of 
lung and liver from the tissues is probably responsible for this apparent relationship. 

Group 11 consisted of six animals treated intradermally over a period of 8 weeks 
with etna 11 doses of indifierent Streptococcus Q 155. The final injection was made 
intra-articularly (as part of another study). The total dosage of culture was 1.11 
cc., distributed among eighteen inoculations. Ophthalmic sensitivity developed 
uniformly. 2 weeks after the intra-articular inoculation, each animal was given 
intravenously 1 cc. of 24 hour culture of Streptococcus Q 155. 2 days later three 
of the animals received a further intravenous injection of 5 cc. of similar culture. 
One animal from each subgroup died within 24 hours; two others were chloro- 
formed after 24 hours, and two after 48 hours. Perivascular aggregates were 
uniformly present in the liver and lungs of all the an i ma l s except those dying 
spontaneously; and characteristic young cells were found in increased number in 
spleen and lymph nodes. Of the two rabbits which succumbed spontaneously, 
one showed marked aggregates about the vessels of the lung alone, without note- 
worthy increase of young cells in spleen or node; the other was quite free from 
perivascular reaction, and presented no unusual cellular picture in the lymphatic 
apparatus. 

Serving in a measure as weakly sensitized controls upon this group, particu- 
larly with reference to the possible effect of intra-articular inoculation, were two 
rabbits, each of which was given on one day four intradennal injections of Strep- 
tococcus Q 155 aggregating 2.11 cc., and an intra-articular injection of 10-* cc. in 
one case and 10"* cc. in the other. Ophthalmic sensiti\-ity failed to develop in 
one, and was very slight in the other. Following a 4 weeks’ internal after the 
initial treatment, each animal received two doses of 2 cc. each of culture 24 hours 
apart. One animal was sacrificed after a further 24 hours, one after 48. No peri- 
vascular reactions were found, although in each case there was a slight increase 
in the number of basophilic cells in the spleen. 

Group III consisted of five rabbits treated with hemolytic streptococci. Strain 
S 43 matt, a\-irulent for mice. Two animals were given intradennal inoculation 
of a total of 4.44 cc. of heat-killed vaccine over a period of 4 weeks. 2 weeks later a 
living culture of a hemolytic streptococcus strain, Q 33, was administered in dosage 
of 10"* and 10"' cc. intradermally; after 3 days li\-ing culture of Strain S 43 was 
similarly given. For eye tests, Ii\-ing hemolytic streptococci were inoculated 
with homologous immune rabbit serum. Such serum-treated organisms were 
found innocuous for normal rabbits’ comeac, and were more satisfacton- than 
\accinc for elicitation of the ophthalmic reaction. One animal showed marked 
sensitivity when such organisms were inoculated upon the scarified cornea; the 
other gave no reaction. S daj-s following the last treatment with hemoU-tic 
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Streptococci, each animal was tested with and found sensitive to indifferent Strep- 
tococcus Q 155; eye tests witli tliis organism gave results comparable with those 
elicited witli serum-treated hemolytic streptococci. 2 weeks after tesdng with 
Streptococcus Q 155, eacli animal received 1 cc. of culture of this organism intra- 
venousl}’’, and after 48 hours was chloroformed. [Marked perivascular reactions 
were present in liver and lung, and the spleens were found to be ricli in basophilic 
cells. Two other rabbits of Group III received, from tlie beginning, living hemo- 
lytic streptococci (S 43) intradermally in doses of 10"® and 10"® cc.; a total of 
0.000028 cc. of culture was administered over a period of 6 weeks. At the end of 
tliis period tests were carried out as above. Ophthalmic sensitivitj* to both Strains 
S 43 and Q 155, was intense; and cutaneous hj^persensitivity to tlie latter was 
present. 2 weeks after testing with Streptococcus Q 155, 1 cc. of culture of tliis 
organism was administered intravenously, followed in 3 days by 5 cc. of similar 
culture. Both animals succumbed mthin 48 hours. No perivascular reactions 
were found in liver or lung, nor were the basophilic cells in the spleen increased in 
number. The final animal of tliis group received living hemolytic streptococci, 
one dose each of 10“® and 10~® cc. of culture intradermally, on two occasions 3 
days apart. Strain Q 33 was emploj-ed for the first treatment, and S 43 for the 
second. 10 da3's after the second inoculation skin sensitiviti’’ to Strain Q 155 was 
already present. Eye tests were not done. 2 weeks later 1 cc. of culture of Strain 
Q 155 was given intravenousl}", followed in 3 days bj'^ 5 cc. 5 days after the 
second dose tlie animal was chloroformed. Perivascular reactions were present in 
both lung and liver, and there was a moderate increase in the number of basophilic 
cells in the spleen. 

Group IV contained four rabbits sensitized by the intradermal route witli green 
Streptococcus V 110 A and indifferent Streptococcus Q 155. During a period of 
2 months each animal received a total of 0.22 cc. of culture of the former, and 
from 0.56 to 0.9 cc. of the latter. All developed ophthalmic reactivity to Strain 
Q 155. At the end of the period of sensitization, each animal received intrave- 
nousl)’’ 1 cc. of culture of Strain Q 155, followed 24 hours later bi'' a second dose of 
the same size. 24 hours thereafter tlie rabbits were killed by subocdpital blons. 

In eacli case perivascular reactions were found in liver and lung, witli distinctl.v 
increased numbers of basophilic cells in spleen and Ij’mph nodes. 

The Control Animals —Control Group A contained fifteen rabbits whicli re- 
ceived a total of 0.15 cc. of Strain Q 155 intradermall}^ over a period of 6 Meeks. 
No intravenous treatment was administered at an}’’ time. Seven developed satis 
factor!’’ ophthalmic sensitivit3^ At the end of the period of sensitization t ic 
animals were killed by subocdpital blows. No perivascular reactions Mere foun ^ 
in the liver. In four animals slight perivascular aggregates M’ere noted in the 
these aggregates, hoM’ever, M'ere only tM’o to tliree cells tliick, containe ^ euer 
of the characteristic cells, and M’ere found about onli’’ a feM' of the vessels m t 
section. In three, slight to moderate increases in the number of basophi ic c s 
M'ere noted in spleen, and in Ij’mph node in four. Three of these four ha s 
satisfactor}' ophthalmic tests. 
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Control Group B consisted of seven rabbits treated intravenously with Strain 
Q 155, at the same time and in the same dosage as adm i nistered to the animals in 
Group A. No eye sensitivity developed. They were sacrificed at the same time 
and in the same manner as the animals of Group A. In one case slight perivas- 
cular aggregates were found in the lung; none was present in the liver. In two 
instances there were slight or moderate increases in the immature cells of spleen 
and lymph node. 

Control Group C was composed of eight animals kept imder laboratorv^ condi- 
tions with Groups A and B, but uninoculated. They were similarly sacrificed, 
and at the same time. There was no ophthalmic sensitivity. In one animal there 
were slight perivascular pulmonar}’ changes; in a second the spleen was rich in 
basophilic cells, while in a third these were present in considerable numbers in a 
Ij-mph node. 

Control Group D contained four rabbits sensitized over a period of 11 weeks 
with total doses of Strains Q 155 varjnng from 0.22 to 0.9 cc. All developed 
satisfactory' ophthalmic reactions. No intravenous treatment was administered. 
None of these animals presented pulmonary or hepatic reactions, nor did spleen or 
lymph node contain increased numbers of immature cells. 

In control Group E were three rabbits, each of which received intravenously 1 
cc. of Culture Q 155 on each of 2 successive days. There was no preliminary' sen- 
sitization. They were killed by' subocdpital blows 24 hours follon-ing the second 
inoculation. One animal revealed slight pulmonary' and hepatic perivascular re- 
actions, together with a moderate increase in immature cells in the spleen. 

DISCUSSION 

Perivascular aggregates of basophilic cells, occasionally containing 
granuloc3des, have been described bj' numerous authors in immunized 
or infected animals. 

In pre\'iously vacdnated mice Tsuda (6) noted an acceleration of marked vas- 
cular endothelial swelling and perivascular accumulations of cells in fod induced by' 
intracutaneous injection with streptococd or pneumococd. Domagk (7) de- 
scribed phagocytosis of staphylococd by' swollen \'aECular endotheh’um of mice 
inoculated intravenously -oith these microorganisms; and this was followed later 
by' focal accumulations of cells in several organs. Comparable perivascular al- 
terations were noted by Louros and Scheyer (8) in mice that received streptococd 
intraperitoncally'; and both they' and Eomagk obseiv'ed that the number and 
intensity of reactions increased with repeated inoculations. Jacob (9), on the 
other hand, while recognizing the reactions in mice treated intravenously with 
staphylococd or green streptococd, failed to note this parallelism. 

The evolution of \-ascul3r responses in guinea pigs %vas followed in more detail 
by Odlcr (10) who described endothelial phagocytosis of a\Tan erythrocytes 30 
minutes after they were injected intravenously', and peri\'aECular accumulations 
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of mononuclear cells after 60 minutes. He attributed the response to a toxic 
action of the foreign hemoglobin; but this opinion was controverted by Gerlach 
and his coworkers (11—13), who observed similar lesions in the lungs of supposedlj' 
normal animals. Epstein (14) noted particularly collections of “basophilic round 
cells” not phagocytic for carmine in the hepatic capillaries and periportal tissue 
of rabbits treated intravenously with sheep erythroc}'tes, suane serum, or lipoid 
serum mixtures. Pentimalli (15) observed similar accumulations of cells in 
various tissues of rabbits after repeated injections of foreign protein; most nu- 
merous in the liver, fairly frequent in spleen and lymph nodes, and least marked 
in the kidnej’’ and lung. These observations were confirmed b}’’ Vaubel (16) who 
also described fibrinoid swelling of the ground substance as often preceding the 
accumulations of mononuclear cells. He observed that tlie intensit}’' of response 
was conditioned b}'^ tlie amount of foreign protein previousl}’^ injected, or in other 
words, by the degree of hj’'persensitivity. Klinge (17) described a similar evolu- 
tion of the focal lesions in rheumatic fever, and for this reason ascribed a common 
patliogenesis to the two conditions. 

Siegmund (18) traced S 3 'Stematicall 3 ' tlie reactions in blood vessels following the 
introduction of a variet 3 ’' of substances, and found that certain d 3 'es, colloidal 
metals, foreign proteins, or bacteria stimulated the active mesencli 3 mie and in- 
duced focal m 3 ’^elopoiesis or h'mphopoiesis in different degrees depending upon 
the nature of the stimulant. Following Uie intravenous injection of certain bac- 
teria (19) there was marked endotlielial activation, whicli was accelerated in highly 
immune animals and took the form of interstitial collections of 13 'mphoid and 
plasma cells. Subsequentl 3 ' (20) he described the formation of “intimal nodes” 
in the blood vessels of rabbits and guinea pigs that received multiple intravenous 
injections of bacteria. Such nodes might heal completel 3 ' or lead to atheroma-like 
lesions. Similar pictures were seen in tlie blood vessels of patients d 3 ’ing of t 3 '- 
phoid fever or stapltylococcal sepsis. In the veins and endocardium of subjects 
d 3 dng 6 to 8 weeks after the onset of scarlet fever tliere were subendothelial nodes, 
and in other structures areas of cellular proliferation closel 3 ’’ resembling those of 
rheumatic fever (21). Sche 3 'er (22) earlier had correlated tlie amount of prolifera- 
tion of reticulo-endothelial elements in various sites with the clinical course in 
puerperal sepsis, and found that the presence of focal reaction indicated a certain 
degree of resistance to tlie infection. Intense mononuclear cellular proliferation 
was obser\’’ed 63 ’’ Ehrich (23) and 63 ’’ N 3 'e and Parker (24) in animals foUoning 
prolonged intravenous injection of bacteria; and tlie latter described similar le- 
sions after tlie injection of certain colloids. 

It is obvious that lesions resembling those described by us have been 
elicited with a variety of antigenic reagents, introduced through differ- 
ent routes, and in several species of animal. Despite the inclusive 
use of the term “immune” in the German literature and also the de 
scription of “h5Tperergic inflammation” by numerous authors, there 
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has been little distinction drawn between conditions of immunity 
(t.c. lessened reaction with increased resistance to toxic agents) and 
sensitization (f.e. increased reaction to toxic agents either with or 
without increased resistance to those agents). Even when these 
factors are considered the probable differences in cytological reactions 
between "anaphylactic sensitivity” and the hypersensitivity of in- 
fection have often been ignored, particularly by most histopathologists. 
Dienes and Mallory (25), however, have described the differences 
between these two conditions, and their criteria will doubtless be 
more carefully applied in the futiu'e. 

Boiunig and Swift (26) studied the cutaneous response to focal injection in 
“immune” and “h>’persensitive” rabbits, and found in the former relatively less 
tissue destruction and granulccj-tic infiltration than in the latter. In all lesions 
there was a marked perivascular “monohistioc\-tic reaction.” Bohmig (27) sub- 
sequently demonstrated a stage of "hj-persensitive tj-pe of response” to focal inoc- 
ulation during the early period of intravenous immunization, later an “immune 
tj-pe of response,” and finally as the immunity passed off a return to the first 
phase. His further demonstration that an animal may show the “immune tj'pe 
of response” to the bacteria with which it has been i mm unized, but a “hjirersen- 
sitive tj-pe” to heterologous bacteria suggests that it may be hj-persensitive to 
one immunochemical component of a microorganism and iimnune to another, and 
that the final focal evidence of infection of a previously treated animal may be the 
algebraic sum of the various modes of response. 

In view of the fact that various degrees and types of reaction may 
be elicited in different animal species by the same antigenic substance, 
and also that different antigens induce different responses in the same 
species, it would seem probable that among the numerous investiga- 
tors most of the histologic permutations and combinations of allergj’- 
and immunity have been described. In spite of differences, however, 
in most instances there have appeared very similar perivascular ag- 
gregates. The production of this reaction may, then, be regarded 
as not dependent upon the presence exclusive!}* of any particular 
allergic condition of the animal, but rather as a function of chronicity 
of treatment with antigenic material and also of dosage. In most 
of the papers cited, the doses, when mentioned, have been fairly large. 

No claim is made, therefore, that the preliminaiy sensitization is a 
sine qua uon for the elicitation of these peculiar perivascular aagre- 
gates. It becomes obrious, however, from a consideration of the 
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experimental data, that there are quantitative differences between the 
sensitive and normal animal. In other ^vords, the rabbit, after pre- 
liminary sensitization by the intradermal route, developed this lesion 
following subsequent intravenous treatment mth a dose that seldom 
induced a comparable lesion in a non-sensitized control. Further- 
more, under the condition of the experiments, rabbits inoculated in- 
travenously from the beginning usually failed to displa)'^ the lesion. 
Because at certain periods this route of inoculation induces tissue 
“immunity” (hypoergy) rather than h}q3erergy (2, 27), the experi- 
ments here presented show that the development of perivascular 
collars is conditioned by tissue reactiwty, in addition to being a 
function of dosage of antigen. 

The failure of the lesion to develop in all rabbits shoving positive 
ophthalmic reactions, as well as its occasional appearance in untreated 
animals, illustrates the variability of host susceptibility in this species. 
Rabbits become sensitized unequally; and ophthalmic h 3 q 3 ersensitmt 3 ' 
is no guarantee that the usually lethal test dose vill be fatal. J\'Ian 3 ^ 
rabbits contract spontaneous streptococcal infections from which 
they recover, doubtless with altered tissue reacti^nty to subsequent 
infection. It is not surprising, therefore, that sensitization should 
not be equalty effective in the individuals of any given group. Like- 
vdse, the occasional appearance of a perivascular collar in previously 
untreated rabbits may indicate either abnormal spontaneous hyper- 
sensitivity or previous infection. These host variations, in either 
direction, are quite familiar to immunologists. 

It is noteworthy that in the four animals that succumbed to the 
intravenous injection of 6 cc. of culture no cellular multiplication was 
found, except for a moderate reaction in the lung of one; but micro- 
scopic congestion and hemorrhage occurred. Probabl 3 ’' in these rab- 
bits the condition of shock, due to excessive dosage of antigen, vas 
sufficient to inhibit any proliferative response. In other words, al 
though sensitized tissues are easil 3 '' stimulated b 3 '’ small inocula to a 
rather t 3 q)ical cellular reaction, larger amounts of the same material 
may lead to cell death. 

Spontaneously occurring lesions must be differentiated from t losc 
experimentally induced. In the rabbit periportal aggregates of snia 
round cells mixed wdth a few fibroblasts are not uncommon, at times 
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associated TOth true portal cirrhosis; but the lymphocytes in such 
lesions are obviously mature, and the large deeply basophihc cells are 
not found. On the other hand, these last mentioned cells do occur 
normally in spleen and lymph nodes, so that the extent to which re- 
actions have been induced in these organs depends upon quantitative 
alterations in their cellular content, together with variations in cellu- 
lar distribution. Normally occurring peribronchial and perivascular 
nodules of Ijmiphoid tissue are readily identified, from the architectiue 
of the aggregate and the tjqre of cell. 

We have preferred describing rather than naming the large baso- 
philic ceU which predominates in the perivascular lesion, for with the 
data at hand attempts at classification would be futile. The pleo- 
morphism of its nucleus, the character and distribution of the nuclear 
chromatin, the nuclear vacuolations, the fine reticulation in the c 3 rto- 
plasm of the more faintly basophilic cells, and, final!}', the occasional 
evidences of phagocytosis, all indicate the reticulo-endothelial s}'stem 
as its probable source. Further study with \ital staining methods 
and observation of its beha\ior towards parenterally introduced 
India ink should furnish more conclusive evidence as to its identity. 
Whether it is produced directly by the presence of the bacteria or 
secondarily to the destruction of some other cells or tissue is also a 
problem for the futiue to unfold. 

STTiESlARY AND CONCLUSIONS 

Intravenous inoculation of small doses of non-hemoI}'tic strepto- 
cocci into preriously sensitized rabbits is usually followed by the 
appearance of perivascular cellular aggregates in lung and liver. 

The characteristic cell in these aggregates is moderately large, 
with vesicular nucleus, prominent nucleoli, clmnped chromatin, and 
basophilic c}'toplasm. In addition, the lesions contain small l}-mpho- 
C}'tes and granuloc}'tes. 

This lesion is easily differentiated by architecture and cell content 
from normally occurring hanphoid aggregates, and from spontaneous 
rabbit hepatic cirrhosis. 

This mononuclear response does not occur when the intravenous 
dose is large enough to cause death of the animal rrithin 24 hours. 

In spleen and hmph nodes the characteristic basophilic cells, which 
normal!} occur in those organs, are present in increased numbers. 
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Following intravenous treatment alone, or sensitization without 
intravenous treatment, the lesions occur much less frequently, and 
when present are smaller and more sparsely found. 

Inasmuch as in the present series of experiments this lesion was 
not found in normal animals, and infrequently in those treated by the 
intravenous route alone, it is suggested that the preliminary sensitiza- 
tion serves to enhance the animal’s reactivity to the antigen. In this 
way a small dose of bacteria is capable of eliciting the cellular phenom- 
enon, which in unsensitized animals appears only when larger doses of 
antigen are administered over longer periods of time. Too large a 
dose of antigen, however, results in shock and cell death rather tlian 
proliferation. 
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EXPLANATION OF PLATES 

All tissues used in illustratioiis were stained with eosin and methylene blue. 

Plate 19 

Fig. 1. Lung. Low power photomicrograph showing three perivascular ag- 
gregates in lung. X 100. 

Fig. 2. Liver. Showing aggregate in portal area. X 200. 

Fig. 3. Liver. Higher magnification, showing marked cellular aggregation 
around a portal vein. Numerous granulocj’tes are present. X 480. 

Pl-ATE 20 

Fig. 4. Lung. Higher magnification. Endotheh'al reaction accompanjing 
marked perivenous aggregation. X 480. 

Fig. 5. Liver. A small portion of Fig. 3, showing pleomorphism of the char- 
acteristic cells (indicated by arrows). X 1,900. 









SINGLE CELL INOCULATIONS TREPONEJ.IA 

PALLEDUIM* 

By CLARENCE S. THOiLAS, M.D., akd HUGH J. MORGAN, M.D. 

(From the Department of Medicine of the Vanderbilt University School of Medicine, 

Nashville) 

(Received for publication, November 17, 1933) 

The development of syphilis in the rabbit following intratesticular 
inoculation of test material affords positive evidence of the presence of 
the virus in the inoculum. Failure to thus infect has been interpreted 
as indicating the absence of Treponema pallidum in the inoculum. 
Inasmuch as this interpretation is widely used in the study of experi- 
mental s>'philis, it seemed desirable to test the validity of the assump- 
tion upon which it is based. The assumption is that if the virus is 
present in any quantity whatsoever it "will lead to infection in the 
inoculated animal and that when infection does not result from 
such an inoculation it is because of the complete absence of Treponema 
pallidum in the inoculum. 

WTien saline suspensions are made of the tissues of acute lesions in 
rabbits infected uith S 3 'philis the Treponema pallidum is usuaUj', 
although not always, demonstrable b}^ dark-field examination. Such 
preparations Avill lead to infection when injected into rabbits (the tissue 
transfer method of inducing infection). If a tissue suspension in which 
there are great numbers of \asible organisms is subjected to a series of 
increasing dilutions with salt solution, a point is reached where no 
organisms are Nisible on careful and painstaking search, and j'et the 
material -a-ill prove infectious when injected into rabbits. This obser- 
vation is in accord wth those of Tniffi (1), Brown and Pearce (2), and 
Levaditi, Schocn, and Sanchis-Baj’arri (3). Observations of this 
character have been cited as favoring the e.xistence of a granular or 
ultramicroscopic form of tire ^^rus (3-5). 

It is admittedly- possible that visible Treponema pallidum are present 

• Read by title before the Sodety for Clinical Investigation, May S, 1933. 
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in inocula inducing infection though, not seen in the very small fraction 
subjected to dark-field study. Although this possibility does exist 
there seems to be no way to definitely prove or disprove it. Assuming 
that visible forms are always present, does this fact warrant the 
abandonment of the hypothesis of an ultramicroscopic form of the 
virus? If infection is produced only by the \nsible, morphologically 
typical forms of Treponema paUidnm, how many organisms must be 
present to induce the disease in a susceptible rabbit? It has evidently 
been assumed by many workers in the immunity and chemotlierapy 
of experimental syphilis that the quantity of virus is not an important 
factor in the initiation of disease. The tissue transfer method for 
determining the presence or absence of infection in an animal is based 
upon the assumption that if Treponema paUidnm is present in the 
tissue it will induce disease when a saline suspension of this tissue is 
injected into another susceptible animal — and this without regard for 
the number of organisms present. Conclusions based upon tliis as- 
sumption are abundant in tlie literature. It has even been sug- 
gested that the method might be useful in determining either persis- 
tence of infection, or cure, in individuals who have undergone anti- 
syphilitic treatment (6). Although in human syphilis the procedure, 
as a test for either the presence or absence of infection, has been shown 
to be unreliable (7), it is still widely used in the experimental disease. 

Does a negative tissue transfer e.xperiment indicate the complete 
absence of typical Treponema palliduin in the material being tested? 
In an attempt to throw some light upon tliis question var}dng dilutions 
were made of a testicular saline suspension which contained Treponema 
pallidum. Rabbits were then inoculated witli the several dilutions. 

It w^as found tliat not only did dilutions in wliicli there were no visible 
organisms give positive results but also that dilutions in wliich^ it 
seemed probable that Treponema pallidum was present, gave negative 
results. However, it was obvious that no conclusive data could be ob- 
tained by this approach. We therefore proceeded to determine whether 
sypliilitic infection could be induced in the rabbit by the inoculation 
of from one to several morphologically t}q)ical organisms. It vas 
thought that if infection resulted, the experiment would afford convinc- 
ing evidence of the reliability of the tissue transfer method as a means 
of determining the presence of infection. If infection did not resu t 
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from such an inoculation, the broad conclusions based on results of the 
use of the tissue transfer test to determine the presence of infection are 
not warranted and we must conclude that either the capacity for 
initiating infection does not reside in the visible organisms when 
present in minimal numbers, or that the rabbit’s ability to resist infec- 
tion is adequate for organisms when present in minimal numbers, 
hloreover, it seemed possible that these inoculations might throw 
some additional light on theories pertaining to the existence of an 
ultramicroscopic or granular form of the virus. 

With these considerations in mind we have inoculated rabbits with 
material containing Trcpomma pallidum in numbers varying from one 
to six organisms. 

EXPEItIMENT.A.L 

The equipment consisted of a Chambers micro manipulator (S) and a special 
dark-field condenser with moist chamber.' Detailed descriptions of the micro 
manipulator and its adaptation for isolation of single bacteria in the light field have 
been published by Kahn (10) and Gee and Hunt (11). The dark-field condenser 
and moist chamber have been described by Hauser (12). 

The dark-field condenser is of the bicentric type with a focal length of 10.7 mm. 
and a working distance of 14 mm. The range of aperture of the illumination rays 
is from 0.S5 mm. to 0.99 mm., which is necessar>' for use with oil immersion 
objectives. The diameter of the condenser is 49 mm. and its height is 42.5 mm. 
It is provided with lateral slots 15.5 mm. wide and 10 mm. high to allow ample 
room for the vertical and horizontal movements of the micro needles. There is a 
depression in the base of the condenser which is filled with water to provide mois- 
ture in the chamber. A microscope with an opening in the stage of at least 50 
mm. in diameter is required. 

The moist chamber has a base formed by an 80 mm. square of glass containing a 
circular aperture in the center. This aperture is partially surrounded by the two 
curved glass walls of the chamber. The two openings in the walls are opposite 
each other. The chamber is roofed n-ith glass in such a manner as to leave an open 
space across whicli a cover-slip \^•ith hanging drop may be placed. 

In order to maintain proper moisture in the chamber its walls are lined with 
moist blotting paper except at the point where the pipettes are to be introduced. 
The top of the chamber is covered with a mica apron containing an opening shghtly 
sm.allcr than the cover-glass to be used. The apron is sealed to the chamber by 
vascline and the cover-slip is likewise scaled to the mica apron by x-aseline. 

.\ carbon arc lamp and water filter is used. By properly focussing the condenser 
so that the light is concentrated at duTcrent levels in the hanging drop, and by 


' The dark-field condenser and moist chamber is manufactured by E. Leitz Co. 
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properly adjusting the diaphragm in the oil immersion objective, an excellent 
dark-field is obtained and the drop and its contents may thus be inspected. 

The pipettes used in the experiments are prepared in the manner described by 
Kahn (13). 

Cover-slips not exceeding 0.17 mm, in thickness are used and a fine grease film 
is applied to them in order to prevent spreading of the hanging drops. 

Two strains of Treponema pallidum were used. One of these, tlie Nichols 
strain, was furnished us b}' Chesney in 1927 and has regularly produced syphilis 
in rabbits during the past 6 years. The otlier strain whicli is designated S in 
Table I, was isolated in 1932 (14) from a case of gastric S 3 "philis. The lesions pro- 
duced b}' it in tlie rabbit are, in ever}' wa}', typical of the experimental disease. 
Animals infected with these strains were sacrificed at intervals of from 17 to 36 
days. Saline emulsions of early testicular lesions were prepared in the usual way, 
and control animals were inoculated with tlie undiluted emulsions. The emul- 
sions were then subjected to the dilutions found appropriate for single cell isola- 
tions. 

A small amount of tlie suspension is aspirated into a 1 cc. s}Tinge through a 22 
gauge needle. A drop of tliis material is then examined in the dark-field and 
enough warm salt solution is added to obtain the optimum preliminary concentra- 
tion of organisms. This can only be determined b}' experience. By means of a 
micro pipette drops of tlie diluted suspension are placed upon tlie under surface of 
the cover-slip in the moist cliamber. This is rapidly inspected in order to deter- 
mine the actual number of organisms present in each drop. 'When a drop is found 
w'hicli contains the desired number of organisms tlieir morphology and motility is 
noted. If tliis is found to be normal tlie entire drop is rapidly aspirated into a 
sterile micro pipette containing salt solution. The site of the drop on the cover- 
slip is then carefully examined to be sure tliat tlie organism or organisms have 
actually been aspirated into tlie pipette. The latter is immediately removed 
from the manipulator. Its tip is introduced into an IS gauge needle whicli is 
attaclied to a 1 cc. s}'ringe filled witli salt solution. The tip of the pipette is then 
broken off at tlie bend of the shaft. The needle is tlien introduced directly into the 
testicle of a rabbit and the glass tip witli its contents is washed into tlie testicle 
by the injection of the salt solution. The testicle is massaged to distribute the 
material. 

Eighteen rabbits were thus inoculated, sixteen witli single organisms, one vit i 
two, and one witli six organisms (Table I). These animals were carefully obser\ e 
for evidence of tlie development of syphOitic infection over periods varying from 
to 13 weeks. Each animal was then sacrificed. The testicle whicli had been 
inoculated, together with the inguinal lymph nodes wdien they were readil} oun , 
w’ere ground in a mortar containing salt solution. The resulting saline suspension 
was subjected to dark-field e-xamination and injected into the testicles of either one 
or tivo normal rabbits. These rabbits were in turn observed for from 4 to 
for manifestations of s}'philitic infection. At the termination of tliis peno ca 



TABLE 1 



4-01 May 27 1 S 
4-02 Mar. 29 1 S 


6 N.* 4-01 A 

4-01 B 

7 N. 44)2 A 

4-02 B 


4-05 Apr. 8 1 Nichols 6 N. 4-05 A 

4-05 B 

4-07 Apr. 8 1 Nichols 6 N. 4-07 A 

4-07 B 

4-OS Apr. 10 1 S 7 N. 4-08 A 

4-10 Apr. 14 1 S 8 N. 4-10 A 

4-10 B 

4-12 Apr, 19 1 Nichols 7 N. 4-12 A 

4-14 Apr. 19 1 Nichols 8 N. 4-14 A 

4-14 B 

4-15 Apr. 19 1 Nichols 8 N. 4-15 A / 

4-15 B 

4-16 Apr. 19 1 Nichols 13 N. 4-16 A 8 


4-17 Apr. 29 1 Nichols 12 N. 4-17 A 

4-17 B 

4-18 Apr. 29 1 Nichols 12 N. 4-18 A 

4-18 B 

4-19 May 3 1 S 11 N. 4-19 A 

4-19 B 

4-22 May 7 1 Nichols 6J N. 4-22 A 

4-22 B 

4-24 May 19 1 Nichols 6] N. 4-24 A 

4-24 B 

4-25 May 19 1 Nichols 10 N. 4-25 A 

4-25 B 

4-04 Apr. 8 2 Nichols 8 N. 4-04 A ' 


4-09 Apr. H 6 S 


8 N. 4-09 A 
4-09 B 



* N., negative. P., positive, 
t .Animals dead or in poor condition. 
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pair of the second series of rabbits was sacrificed, tlie injected testicles ground in 
salt solution, pooled, and injected into the testicles of one or more normal animals. 
Dark-field examinations were also made of these suspensions. This tliird series of 
rabbits was carefully obsers'ed for evidence of syphilis. At tlie end of van.nng 
periods of observation all had remained normal. Twenty-one animals of tliis 
group were tlien reinoculatcd with the homologous strain of Treponema pallidum. 

Evidence of S 3 ’philis failed to appear in an\' of tlie rabbits and no organisms were 
demonstrated in any of the testicular suspensions bj' dark-field examination. In 
those animals of the tliird series which were tested, no convincing evidence of im- 
munity to the homologous strain was found; onh' two of the twenti'-one rabbits 
reinoculated failed to develop tj'pical si^philis (see Table I). The animals of tlie 
control series, whicli were inoculated with the usual quantit}”^ of undiluted virus, 
invariably developed S3’philitic infection. 

DISCUSSION 

The consistent!}'' negative results of the sixteen experiments indicate 
conclusively that an inoculation with one morphologically typical, 
motile Treponema pallidum does not induce syphilis in tlie rabbit. In 
two other experiments infection did not occur follotving the inoculation 
of either two or six organisms. 

Tliis failure to infect can hardly be due to the method employed. 
The possibility that tlie organisms ivere not viable ivlien injected seems 
remote. They were actually delivered into the testicles vitliin a few 
moments after they had been seen to be normal morphologically and 
actively motile in the hanging drop. It seems higlil}'’ improbable that 
the short bit of fine glass capillary pipette in wliich tliey were injected 
into the testicles and wliich w'as probably distributed by the subse- 
quent testicular massage could have injured the organism or otherwise 
acted as a factor to prevent infection. 

A more reasonable explanation of the failure to infect is to be found 
in a consideration of otlier possibilities. The resistance of tlie rabbit to 
the syphilitic virus is admittedly weak. However, as has been pointed 
out, ive have seen injections with inocula ivhicli we felt certain con- 
tained Treponema pallidum, although not demonstrable b}' dark-fiel ^ 
examination, fail to induce infection. That these inocula did actua } 
contain organisms is highly probable in the light of tlie work of Ja 
and his associates (15) who found that blood suspensions containing 
300 Spirochacta hispanica per c. mm. gave negative dark-field fin ings 
but ivould infect mice ivhen injected in 0.2 cc. quantities. Moreover, 
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these observers point out that suspensions containing 80 organisms 
per c. mm., or less, fail to induce infection vrhen injected in 0.2 cc. 
quantities. These observations indicate that an irreducible number of 
SpirocJiaela Inspanica must be present before infection can develop and 
it is probable in the light of our work that this also holds for Treponema 
pallidum. 

Our work offers no support to the theory of the existence of an ultra- 
microscopic or granular form of Treponema pallidum. Such negative 
e\ddence as our experiments afford cannot be interpreted as indicat- 
ing that the morphologicall}’’ typical, motile Treponema palliditm is 
aA.irulent. It seems necessaiy to emphasize this since the proponents 
of this theorj’’ have cited positive tissue transfer experiments, with 
inocula in which organisms were not demonstrable by dark-field 
examination, as evidence favoring their hj^iothesis. The negative 
results obtained by us with tj^pical organisms in a menstrum in 
which the h}q)othetical ^'i^ulent form may be said to have been lost by 
dilution, might lead to similar erroneous interpretations. 

The assumption by workers in experimental sjqjhilis that a negative 
tissue transfer experiment indicates the absence of Treponema pallidum 
in the inoculum and the absence of sj’philitic infection in the source 
aiumal is not warranted. This is indicated by the experiments 
reported herein as well as by a pre\aousty reported study of the tissue 
transfer method in human sjqihilis (6). 

SUMMARY 

Sixteen rabbits were inoculated intratesticularly with single Trep- 
onema pallidum. Two other animals were inoculated, one with two, 
and one with sbc organisms. All of these animals remained normal. 
Control animals inoculated with the usual quantity of the same but 
undiluted \’irus developed t>-pical lesions of experimental sj-philis. 
The test animals were subjected to a procedure designed to demonstrate 
the presence of Treponema pallidum even in the absence of recogniz- 
able s>-philitic lesions. At appropriate inteivals transfers were made 
of testicular material from these to a second series and. in many 
instances, from the second to a third series of rabbits. All of the 
rabbits remained normal. Moreover, immunit}- to the homologous 
strain was not present in those animals of the tHrd series which were 
tested. 
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The relation of these observations to (a) the theory of the existence 
of an ultramicroscopic form of Trcponcvia pallidum, and {b) the 
assumption upon wliich is based the tissue transfer method of deter- 
mining the presence or absence of syphilitic infection, is discussed. 

CONCLUSIONS 

The injection of one or several Treponema pallidum into the testicles 
of rabbits does not induce syphilitic infection. 

A negative tissue transfer experiment does not preclude the presence 
of Treponema pallidum in the inoculum nor does it indicate the absence 
of s)T)lulis in the source animal. 
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RIFT VALLEY FEVER IN AIAN 


Report of a Fatax Laboratory Infection Complicated by 
Thrombophlebitis 

Bv FRANCIS F. SCHV^TNTKER, M.D., aisD THOMAS M. RBTERS, M.D. 

{From the Hospital of The RochcfeUcr Institute for Medical Research) 
(Received for publication, November 20, 1933) 

Although Rift Valle\'- fever is a natural disease of sheep with a mor- 
tality of 50-95 per cent, it occurs also in man as an acute febrile illness, 
usually of such a mild character that in over 200 cases known to have 
occurred in British East Africa no untoward sequelae were observed 
(1). The purpose of the present communication is to report a case of 
laboratory infection — the first known instance of Rift Valley fever in 
America — ^which terminated in death. 

Rift Valley fever or enzootic hepatitis occurs among sheep in the Kenya Colony 
of British East Africa (1, 2). Its sj-mptoms are not striking; usually the affected 
animals show little more than listlessness, disinclination to feed, and progressive 
weakness. In older animals bloody diarrhea and thick mucoid rhinitis may also 
be observed. So rapid is the course that many animals are found dead without 
ever having been observed to be sick, and in most instances death supervenes 
within 24 hours after the initial sign of illness. 

At autopsy the chief pathological change found is an extensive necrosis of the 
liver. In advanced cases, the liver is affected to such an extent that stained sec- 
tions of it are scarcely recognizable as hepatic tissue. The lobules consist merely 
of irregular shaped masses of broken-down, faintly staining cells intermingled with 
polymorphonuclear and mononuclear leucocj'tes; the Kupffer cells can no longer be 
distinguished. In less ad\-anced cases, the lobules of the liver are still distinguish- 
able, but are studded with areas of necrosis of different sizes. About the periphery’ 
of these foci of degeneration are found parencli^-matous cells containing ej’to- 
plasmic hyaline bodies similar to those described originally by Councilman (3) 
and more recently by Klotz and Belt (4) as occurring in the livers of human beings 
dead of yellow fever. Acidophilic intranuclear inclusions are found in great num- 
ber, which, although usually of less definite outline and not so strongly acido- 
philic, resemble those associated with herpes and Virus III. In addition to the 
lesions in the liver, the ileum and large intestine are often the seat of a hemor- 
rhagic enteritis associated with congestion of the mesenteric and omental vessels. 
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Hemorrhages in other organs, especialh' in the cortex of lymphatic glands and 
beneath the capsules of the spleen and the kidnej's, are also common. 

The etiological agent of Rift \Allcy fever has been shown by Daubnej’ and 
Hudson (1) and others to be a filterable virus which invades the animal so coni- 
pletel}’’ that it can be recovered from almost all organs of the body. In addition 
to sheep, natural outbreaks have occurred among cattle and, as has been stated, 
spontaneous cases among human beings are common during tlie epizootics. The 
disease has been produced experimentall^v in monke}'s, goats, cats, rats, and in 
several spedes of mice. Recover}* from the disease apparently confers a lasting 
immunity. 


Rifi Valley Fever in Man 

During the original investigations (1) of Rift Valley fever in Africa 
all four of the Europeans engaged in the work developed an acute 
febrile illness characterized by general malaise, joint pains, and vague 
abdominal tenderness. Blood taken from the workers at the height 
of their fever produced typical Rift \^alley fever when injected into 
lambs. Upon inquiry it was then learned that almost every native 
engaged in herding sheep during the epizootic had been sick for some 
days and had complained of fever accompanied by severe pains 
throughout the body. These illnesses were considered most probably 
to have been attacks of Rift Vallej’’ fever. A nati^^e volunteer was 
then inoculated with the virus. 3 days after inoculation he developed 
headaclie and pains in the bade, and, a day later, fever. Blood taken 
from Irim at this time caused Rift Valley fever when injected into 
lambs. Following the investigations in Africa, the rdrus was sent to 
England for further study. Soon after initiation of the work there, 
three laboratory workers developed tlie disease (2). Up to the present 
time the attacks in the eight individuals mentioned represent the 
only well observed cases of Rift Valley fever recorded in the literature. 
The following description of the disease is compiled from the reports 
of these cases. 

The course of Rift '\^alle 3 '’ fever in man is much like that of a mild attack of 
influenza. Following an incubation period of 5 or 6 daj's, the patient complains 
of general malaise, cliiUy sensations, and headache. After 6-12 hours of increasing 
symptoms the temperature, which has been normal, rises rapidly to 102-1 
With tlie onset of fever, the patient may develop chills. Pains spread into ic 
extremities and joints; a sensation of fulness over the region of the li\er mai^ 
followed by definite tenderness or even abdominal pain. Nausea and \oniiti 
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sometimes occur, and in one instance epistaxis has been recorded. On examination 
the patient is found to be moderatel 3 ' prostrated. The face is flushed; conjunctival 
injection and photophobia maj’ be present; the tongue is coated; the breath is foul. 
The lungs are normal, but there is definite tenderness in the epigastrium. The 
liver and spleen cannot be felt. Although fever and sjTnptoms maj- persist as 
long as 10 daj-s or no longer than 1, improvement is usually e%ndent about the 3rd 
day and proceeds rapidly to recovery. In one case there was a second temperature 
reaction accompanied by a return of sjTnptoms 3 daj-s after recover}- from the 
initial attack. .A.t the onset of the s>-mptoms there may be a slight pohunorphonu- 
dear leucocytosis. This gives way at about the time of appearance of fever to a 
leucopenia, the total white blood cell count reaching 3000-4000. The fall in the 
number of leucocytes is almost entirely due to a decrease in the number of the 
polymorphonudear elements. The return of the leucocyte count to a normal 
level is slower than the clinical improvement. Despite the period of probable liver 
damage in Rift Valley fever in man, the bile pigments of the blood serum and urine 
are usually not appredably increased in amount. 

Report of Case 

\ pathologist, R. S., age 30 years, had been working with Rift Valley fever \’irus 
for several weeks before the onset of his illness. On the evening of December 22, 
1932, he felt chilly while walking home and complained that his eyes and the calves 
of his legs ached. He found his subglossal temperature at that time to be 99.6°F. 
During the night his rest was disturbed by general malaise and pains, especially 
around the knees and hips. On awakening, the 2nd day of illness, his temperature 
was 101°F. He attempted to continue his work but had several chills during the 
day and felt so miserable that he took to bed. He complained at this time of a 
vague soreness over his abdomen, constant dull headache, and pain behind the 
eyes associated n-ith slight photophobia. There was no sore throat, rhinitis, 
nausea, or vomiting. He was admitted to the Hospital of The Rockefeller Insti- 
tute 24 hours after the onset of sr-mptoms. 

On admission, the temperature was 102.6‘’F., pulse 140, respirations 24. The 
patient was definitely prostrated by his illness but rational and cooperative. 
There were found on plysical examination a slight injection of the throat, and a 
\-ague tenderness over the abdomen. The edge of the liver was not felt. Other 
than this the examination was entirely negative. The total leucocr'te count at 
this time was 2S00 per c. mm. PoU-morphonuclear elements constituted 57 per 
cent of this; small lymphocytes 9 per cent; intermediate Iranphocytes 10 per cent; 
monocytes 24 per cent.' The throat culture was negative for hemolytic strepto- 
cocci and influenza bacilli, and blood cultures in infusion broth remained sterile. 
The urine showed a faint trace of albumin; no bile was present. .4 tentative 
diagnosis of Rift ^ alley fever or influenza was made. 


‘ All diiTerential counts were made on sapravitally stained specimens. 
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In an attempt to confirm the tentative diagnosis of Rift I^aJIey fever, 6 cc. of 
the patient s blood, drawn on the day of admission and kept fluid bj'' the addition 
of 1 cc. of 1 : 1000 heparin solution, was injected intraperitoneall}' in 1 cc. amounts 
into six mice. All of the mice died within 48 hours. Their livers were free from 
ordinarj’’ bacteria, but showed in hematox 3 'lin-eosin-stained sections the marked 
focal necrosis and acidophilic intranuclear inclusions typical of Rift Vallej' fever. 
Moreover, the disease was transmitted to other mice bj' means of serial passages. 
Blood taken from the patient on the da)’^ following admission gave similar results. 



Chakt 1 

Consequently, the diagnosis of Rift Valley fever was confirmed. In Table I and 
Chart 1 are shown the results of tliese and subsequent tests for the presence o 

virus in the patient. . rpv 

Almost immediately after admission the patient began to improve, 
temperature, whicli reached a peak of 103. 8°F. on the night of admission, 
prompt!}^ to normal within 24 hours (Cliart 1). The symptoms, however, abate 
somewhat less rapidly. On the 5th day two papular areas several centimeters i 
diameter were observed on tlie right thigh and leg. The\'- resembled in a ^ 
wajf isolated measles papules. After 3 days thej- had completeh' fa e an s 
no others w'ere observed at anj' time it is difficult to sa\’ whether the erup on 
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any relation to the disease. At the time of the appearance of the papules the 
patient developed a sore throat. The pharynx was irregularly injected and re- 
sembled the throats often seen in cases of influenza. On the following day (6th 
day of illness) a t>-pical herpes simplex eruption appeared on the right side of the 
nose. Both this and the sore throat subsided in the next few daj-s. During all 
this time the patient had been impro\’ing generally, complaining for the most part 
only of a constant feeling of fulness in the epigastrium which he believed was 
aggravated by a persistent constipation. There was a very shght and unexplained 
rise in temperature to a peak of 100.S°F. during the 10th day of illness. 

By the 12th day of illness the patient had improved to such an extent that he 
was allowed to sit in a chair for a short time and on the foUonlng day was permitted 
to walk a short distance. Thereafter, as his strength improved, his activity was 
increased. On the evening of the 16th day, however, he complained of pain in 


TABLE I 

Tests to Determine Presence of Virus in Patient 


Day of dijeaso 

Material tested 

Mouse test 

Result 

2 

Whole blood 


Positive 

3 

« <( 



6 

U it 


Neg;ati%-e 

8 

a a 


it 

22 

Sputum 


« 

45 (death) 

Liver 


it 

45 (death) 

Mesenteric l)*mph gland 

■EBi 

it 


All material was injected intraperitoneally into mice. 

The denominator of the fractions signifies the total number of mice injected; 
the numerator denotes the number which died. 


the dorsal part of the left leg. A diagnosis of phlebitis of the popliteal vein was 
made. The patient was returned to bed and the leg was immobilized in an elevated 
position. 4 days later (20lh day of illness) the patient awakened with pain in 
the right chest which was more pronounced during deep inspiration or exhalation. 
Although the physical and X-ray findings in the chest were entirely negative at 
this time, it became apparent as conditions progressed that the patient r^-as suffer- 
ing from a small pulraonar>- infarct. Fever developed (105.4°F.)-, the leucocytes 
in tlic blood rose rapidly to 18,000 per c. mm. of which 94 per cent were granulo- 
cytes (Chart 1); dulness was apparent on percussion over the base of the right lung 
where the breath sounds, accompanied by many fine and coarse rales, were dimin- 
ished. In the X-my photograph made at this time there was a distinct shadow 
at the base of the right lung. On several occasions blood was e.xpectorated in 
small amounts. In order to test for the presence of Rift \'allev fever virus and 









310 


RIPT VALLEY FE\'ER IN MAN 


virulent pneumococci mice were injected intrapcritoneally vith the sputum but all 
remained alive and well (Table I). 

During the following days the condition in the chest impro^^ed gradually until 
the 26th daj' when the patient developed a second pulmonarv infarct in tlie right 
lung (Chart 1). Within a few days the patient began to improve again, but on the 
34th da}-^ a third pulmonary infarct occurred, this time in the left lung. The 
temperature which had just returned to normal, rose rapidly to ]04.4°F.; the 
leucocj'tes readied 24,200 with 90 per cent granular elements. B}' this time the 
patient had become very weak because of the repeated pulmonary insults. In 
spite of tliis fact, however, the temperature and leucoci’te count again began a 
return to normal, and there was slow but progressive general improvement in tlie 
patient’s condition. On tlie 3Sth day of illness definite signs of plilebitis in the 
right femoral vein developed. This caused no systemic reaction, however, and 
recoi'ery seemed to be proceeding uneventfully. On the morning of the 45tli day 
of illness, however, the patient suddenly collapsed and died within a few minutes. 
Death was apparently due to a large embolus in the pulmonari' vessels. 

At autopsy, only dianges directly assodated with the phlebitis and pulmonari' 
infarcts were found. No abnormalities such as have been obsen^ed in animals 
di’ing of Rift \''alle}'’ fever were seen. This is not surprising, however, since tlie 
patient died 45 da 3 "s after the onset of his illness of wliidi the acute stage occupied 
only the initial week. For tliis reason the pa Biological findings will be described 
but briefl 3 ^ There w’ere signs of a mild saphenous and femoral phlebitis. How- 
ever, in the inferior vena cava where it receiiTS the hepatic veins, tliere was a large 
tlirombus brandling out into the hepatic I'enous radides and extending upward 
almost to the heart. The superior portion of this tlirombus had apparently be- 
come detached, and had travelled through tlie chambers of tlie heart because it was 
found as an embolus in the pulnionari’^ arter,v. In addition there were old pulmo- 
nar}' infarcts in both lungs with acute and chronic pleuritis. The liver appeared 
normal. Examination of tlie stained sections of tlie tissues revealed notliing 
unusual. Emulsions made from bits of liver and from mesenteric limipli glands 
were injected intraperitoneaUy into mice in order to test for tlie presence of R'ft 
\^alle 3 ' fever virus. AH the mice remained wdl (Table I). 

Tests for the Presence of Antibodies in the Patient’s Serum 

At intervals during the course of the disease, blood w'^as draivn from 
the patient in order to determine the rapidity rvitli wliicli antibodies 
to the virus are formed. To this end serum was collected on the 6th, 
8th, 12th, and 15th days of illness and tested in the followdng mannen 
Decimal dilutions of infected mouse blood — ranging from 10 ^ to 10 
— ^^vere prepared. 0.5 cc. amounts of eacli dilution of xdrus ivere ad e 
to 1.25 cc. amounts of eacli specimen of serum to be tested. M ithout 
incubation, 0.7 cc. of eacli mixture w'^ere injected intraperitoneall} into 
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each of two mice. The mice were observed for 2 weeks to determine 
the mortality rate. From the results shown in Table 11 it can be seen 
that antibodies were present in small amounts in the patient’s blood as 
early as the 6th day and that by the 12th day had reached such a 
concentration that protection was afforded the mice against at least 
1000 M.D.D. of the virus. These findings are in agreement with those 
of Findlay (2) and Broom and Findlay (5). 


TABLE n 

Test to Determine Presence of Antibodies in Patient's Blood 


Sera 

Daj' of 
disease 


Mrus dilution 


Total 

Mice 

i protected 

10-1 

lOr* 

10-4 

10-i 

Negative control 


HI 

2/2 

Ifl 

2/2 

8/8 

per ceni 

0 

Patient’s serum 


2/2 

2/2 

2/2 

1/2 

7/8 

12 

« it 


2/2 

2/2 

1/2 

0/2 

5/8 

38 

it it 

12 

0/2 

0/2 

0/2 

0/2 

0/8 

100 

« tt 

15 

0/2 


0/2 

0/2 

0/8 

100 


The denominator of the fractions signifies the total number of mice injected; 
the numerator denotes the number which died. 


DISCUSSION 

For purposes of discussion, the course of disease in this case may be 
di\'ided into two phases — the acute illness and the period of complica- 
tions. Concerning the first or acute stage, little need be said because 
the sjmptoms and signs differed in no essential detail from those 
pre\'iously described as characteristic of Rift Valley fever in man. In 
fact, with such a tj-pical sjmdrome, following definite exposure to the 
specific \irus which in turn was isolated from the blood of the patient, 
there can be little doubt as to the true nature of the illness. The 
diagnosis is further strengthened by the demonstration in the patient’s 
blood of specific xirus-neutralizing antibodies which during the early 
days of convalescence increased in amounts to reach a concentration 
capable of neutralising at least 1000 m.l.d. of the active agent. 

I he phlebitis, however, which appeared during convalescence, came 
as an unexpected complication. The condition is not mentioned in 
the papers wliidi describe the clinical course of Rift Valley fever (1, 2) 
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and Daubney has reported (6) that enquiries concerning its occurrence 
in the Rift Valley have failed to elicit any affirmative information. 
However, it is not altogether surprising that phlebitis should occur 
during convalescence from Rift Valley fever, since it has been reported 
following almost all other known acute infectious diseases. Its rela- 
tively high incidence in pneumonia — 0.72 per cent (7) — and in typhoid 
fever 2 per cent (8) — ^is well known. In the diseases thought to be 
due to filterable viruses it also occurs but less frequently. Thus, 
phlebitis has been reported following measles (9), mumps (10), vari- 
cella (11), smallpox (12), vaccinia (13), influenza (14), and psittacosis 
(15). What factors predispose a patient to this complication is not 
known, and no attempt will be made at tliis time to discuss the con- 
dition further than to point out its definite though infrequent occur- 
rence in association with most acute infectious diseases. It seems 
probable that should the number of cases of Rift Valley fever increase, 
phlebitis will again be seen as a complication in a certain percentage of 
them. 


SUMMARY 

A case of Rift Valley fever following an accidental laboratory infec- 
tion, and believed to be the first instance of tlie disease in the Western 
hemisphere, is reported. Although the course of illness was otherwise 
quite typical, it was complicated by tlu-omboplilebitis — a condition 
not previously described in association with this disease in man. 
Death was caused by a pulmonary embolus. 
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THE \TTA]SIIN Bi AND B» G CONTENT OF LIVER EX- 
TRACT AND BREmRS’ YEAST CONCENTRATE 

Bv D. K. lillLLER, M.D., akd C. P. RHOADS, M.D. 

(Frwn the Hospital of The Rockefeller Institute for Medical Research) 
(Received for publication, November 27, 1933) 

Recent developments in the study of specific therapy in pernicious 
anemia have led to the conception that two factors are responsible for 
the production of the anti-anemic substance which is normally stored 
in the liver, and which is responsible for the therapeutic benefits ob- 
tained from the administration of liver or liver extract. This view, 
as set forth by Castle (1) and now generally accepted, supposes (o) 
an intrinsic factor present in the gastric juice of normal persons but 
absent in the gastric juice of patients v.dth pernicious anemia, and (6) 
an e.xtrinsic factor present in certain articles of diet such as beef 
muscle. It has been shomi that if normal human gastric juice is 
incubated and then fed to a patient with pernicious anemia no remis- 
sion of the disease occurs. If beef muscle alone is fed to such patients 
no remission ensues. However, if normal human gastric juice and beef 
muscle are incubated together and then fed, a remission of the disease 
is brought about. 

Little is known of the nature of the intrinsic factor, but Strauss and 
Castle (2) have tentatively identified the extrinsic factor as vitamin 
B: G. This conclusion is based on experiments in which human gastric 
juice and a brewers’ yeast concentrate, vegex, were incubated together, 
and fed to patients ^^dth pernicious anemia. Remissions of the disease 
occurred under such treatment. Such remissions were obtained even 
when the brewers’ yeast concentrate had been autoclaved at 15 
pounds pressure for 5 hours prior toils incubation with normal human 
gastric juice. Since brewers’ yeast concentrates, such as vegex, are 
supposed to contain \'itamins Bi and B: G (3, 4) and since the sub- 
stance in vegex proved to be heat-stable, these workers concluded that 
the c.xtrinsic factor was not %-itamin Bj, which is heat-labile, but that it 
was probably xatamin B; G. 
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Since the experiments mentioned obviously did not involve the abso- 
lute identification of the extrinsic factor as vitamin Bn G, it seemed 
important to approach the question from another angle; namely, to 
determine both qualitatively and quantitatively the ^^tamin Bi and 
Bj G content of this particular brewers’ yeast concentrate, since it is 
known that brewers’ 3 '-east concentrates vary in their content of these 
vitamins (3, 4). As a corollar}'’ to this stud}’’, determinations were 
also made of the amounts of these two portions of the vitamin B com- 
plex in liver extract. 


To ascertain the presence in foodstuffs of tlie vitanun B compIe.t or the indi- 
vidual components making up that complex a standardized procedure is followed. 
Young rats of the usual laboratorj’^ strains weighing between 40 and 50 gm. are 
used as test animals. They are fed a basal ration which contains all the compo- 
nents required for normal growtli except tlie vitamin in question. When growth no 
longer occurs on this diet tlie vitamin reserve of tlie animal body is considered to 
be exhausted and tlie substance to be tested for vitamin content is added to the 
ration. If growth then takes place at a normal rate for a sufficiently long period of 
time evidence of tlie presence of the vitamin in question is considered to be at 
hand. Unfortunately, different rates of growtli have been considered normal by 
different investigators. Sclieunert and Scheiblich (3) were satisfied witli a weekly 
gain of 3.0 gm. when testing brewers’ j'east concentrates for the presence of vitamin 
B complex. Later Quinn, Whalen, and Hartley (4) used the same rate of growth 
in tests of the same material for tlie components of the vitamin B complex, vitamins 
Bi and Bj G. Botli groups of workers concluded that tlie content of vitamin B 
complex in brewers’ 3 'east varied considerably. Furtliermore, it was thought tliat 
the content of antineuritic vitamin Bi was more variable than was the content of 


the thermostable vitamin Bo G. In comprehensive and detaUed experiments 
Chick and Roscoe (5) demonstrated that the rate of growtli (3.0 gm. weckl.v) 
obtained in the experiments described above did not even approach tlie normal 
growth rate for the experimental animals employed. The}' proposed tliat a diet 
should be considered adequate onlj' when an average gain of from 10.0 to 12.0 
gm. iveekl}' occurs. Levene (6) extended the obsen'ations of Chick and Roscoe 
bj' studi'ing tlie normal rate of growth of rats on adequate diets. He found that 
the average normal monthly gain in white rats of 50.0 gm. weight was S-.O gm. 
How'ever, it was sIioito that the rate of groivth varied somewhat at different sea 
sons. During July and August the average montiih' gain was onl}* 29.0 gm., 


whereas in September and October it was 72,0 gm. 

The presence of tlie vitamin B complex in fresh liver and liver extract has been 
knoiTO for some time (7, S). Review of the published work indicates that in., c 
quate information is at hand as to the content in these materials of the in I'l j* 
components of the vitamin B complex, vitamins Bi and Bi G. Gu la 
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was the first to test liver extract for its content of vitamin Bo G. A basal diet was 
used which contained vitamin Bi but which was deficient in vitamin Bo G. A 
normal rate of growth was obtained (10.0 to 12.0 gm. weekly) when 40.0 to 60.0 
mg. of liver e.xtract, Lilly No. 343, an amount derived from 1 to 1.5 gm. of whole 
liver, was added to the diet. If the material containing vitamin Bi was omitted 
from the diet a normal rate of growth was not obtained, even if as much as 120.0 
mg. of liver e.xtract was administered daily. From these studies it was concluded 
that liver extract was deficient in vitamin Bi but contained a considerable amount 
of vitamin B2 G. 

Gilroy (12) ascertained the presence of the vitamin B complex in a variety of 
commercial liver extract preparations. He used rats maintained on a diet deficient 
in the vitamin B complex. Adequate growth was considered to be about 10.0 
gm. gain per week for rats of 40.0 to 50.0 gm. in weight. Normal growth was ob- 
tained when he added daily to the basal ration an amount of liver extract equiva- 
lent to 16.0 gm. of fresh liver. If only half that amount of liver extract i\-as em- 
ployed, subnormal growth was obtained. No attempt was made to determine 
which of the two components, vitamin Bi or B; G, was deficient. From the 
studies mentioned it has been assumed that liver extract is rich in vitamin Bi G 
but deficient in vitamin Bi. West (13) has prepared a substance from liver ex- 
tract which produces tjqpical remissions m parents with pernicious anemia. 
This material has been shonn bv' rat tests to be lacking in vitamin B" G content. 

Methods 

The rats used in these experiments were aH of the Wistar strain. They were 
supplied through the Wistar Institute, or by Dr. H. M. Evans. Immediately 
after weaning, all the animals were placed on a standard basal diet which was 
vitamin B-free. It was of the following composition as recommended by Rose el 


at. (14); 

Casein (extracted free from vitamin B) 18 

Salt mixture 

NaCl 3 

CaCOj 1 

Butter fat 8 

Com-starch 4g 

Cod liver oil o 


In order to determine the presence of vitamin Bj in the substances studied it was 
ncccssarv- to use a diet adequate in vitamin Bj G. This was supplied by adding to 
the basal ration twenty parts of bakers’ yeast (Fleischmann) neutralized and auto- 
claved at 15 pounds pressure for 6 hours. 

The vitamin Bi used in these experiments was the preparation adopted by the 
League of Nations Health Organization, as described in the memorandum on 
the International Standard Preparation of Antineuritic Vitamin (B,) (15). It is 
commonly known as activated Java clay. This preparation given dailv in 15.0 
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ing. amounts contained sufficient vitamin Bi to support adequate growth in rats 
of 40.0 to 50.0 gm. when vitamin Bo G was present in tlie diet. Control e.Tperi- 
ments showed that the activated Java clay was devoid of vitamin Bo G. Tests 
for the absence of vitamin Bi and Bo G in tlie basal ration were always made. 

After weaning the rats were maintained on the basal vitamin B-free diet for a 
period of 2 ■weeks to insure the complete depletion of the body store of \dtamin Bi 
and Bo G (15). They were placed in groups of five in round ■wire cages with 
raised bottoms to prevent coprophagy. The}’^ were fed once a da}”^ and the animals 
were allowed^to eat as mucli as thej' desired. The animals were weighed weekly. 
At the beginning of the experiments the weights of the rats ranged from 40.0 to 
50.0 gm. 

The liver extract studied was the preparation made b}' Eli Lill}' and Company; 
both the injectable and the powdered forms were used. The liver extract in the 
powdered form was dissolved in water and mixed witli a small amount of food 
in a dish. The form prepared for parenteral use, W'hen given b}' mouth, was mixed 
with food and given in the same waj'. All tlie rats cleared their dishes before 
more food was given. The animals receiving liver extract parenterall}' were given 
dailj' intraperitoneal injections. 

The vegex was given in a 50 per cent aqueous solution. The amount adminis- 
tered daily in these e.xperiments varied from 50.0 to 250.0 mg. When the daily 
doses were small, the test material w'as given individually witli a pipette. Daily 
doses of 150.0 to 250.0 mg. were too large to be taken at one time. Accordingly, 
these amounts were given with the food and tlie animals watclied until the dishes 
were empty. 

The Vitamin Bi and Bz G Content of Powdered Liver Extract, Lilly 

No, 343 

Experiment I. — Rats which had been kept for 2 weeks on the basal 
diet were divided into four groups. The basal diet was continued in 
all the rats. Those of the first group received in addition daily doses of 
100 mg. of powdered liver extract, Lilly No. 343, an amount derived 
from 2.5 gm. of fresh whole liver. The diet of the rats of the second 
group was supplemented by the same dosage of liver extract and in 
addition 15.0 mg. of activated Java clay was given daily as a source of 
vitamin Bi. The animals of the third group received the basal diet 
plus the same amount of liver extract and in addition autoclave 
bakers’ yeast to supply xdtamin B: G. The diet of the animals of t e 
fourth group was supplemented by autoclaved bakers yeast but con 
tained no liver extract. 

Group /.—Fig. 1, a shows tlie growth curves of four rats in the first group^- 
These animals received tlie basal diet plus 100 mg. of liver extract daily. 
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of these showed any appreciable gain in weight and all were dead by the end of 
the 2nd week. The results indicate that 100 mg. of powdered liver extract, Lilly 
343, administered daily, do not contain sufficient vitamin B complex to support a 
normal growth rate in rats weighing 40 to 50 gm. 

Group II. — Fig. 1, h shows the growth curves of four animals in the second 
group. These animals received the basal diet, supplemented bj' 100 mg. of liver 
extract daily and in addition 15 mg. of activated Java clay as a source of vitamin 
Bi. These curves are similar to those shown in Fig. 1, o. There was no appre- 
ciable gain in weight and all the animals died during the 2nd week. Since these 
animals received a sufficient amount of vitamin Bi the results indicate that 100 mg. 
of powdered liver extract, administered daih’, do not contain an adequate amount 
of x-itamin B 2 G to support normal growth. 

Group III. — Fig. 1, c presents the growth curves of animals of the third group. 
The animals of this group received the basal diet, supplemented by 100 mg. of 
liver extract daily and in addition an adequate amount of autoclaved bakers’ 
yeast to supply vitamin B- G. Three of the four rats whose growth curves are 
presented maintained an average gain of over 10 gm. per week for a period of 3 
weeks. The fourth animal died of intercurrent disease after gaining at the normal 
rate for the 1st week. These results demonstrate that 100 mg. of powdered liver 
extract when administered daily contain sufficient vitamin Bi to maintain a normal 
rate of growth in rats weighing from 40 to 50 gm., provided that the animals 
receive an adequate supply of vitamin Bi G in the diet. 

Group IV. — Fig. 1, d presents the growth curves of the rats of the fourth group. 
These animals recdved the basal diet to which no liver extract was added. An 
adequate supph* of vitamin Bj G was supplied in the form of autoclaved bakers’ 
yeast. This experiment served as a control of the \’itamin Bi content of the basal 
diet, supplemented by autoclaved yeast. Of these animals, two lived for 3 weeks, 
one gained 10 gm. in 2 weeks, the other 5 gm. in the same time. Three of the rats 
died during the 2nd or 3rd week without showing appreciable growth gains. 
These results indicate that the basal diet plus autoclaved bakers’ yeast was defi- 
dcnt in vitamin Bi. 

To summarize, the experimental results indicate that 100 mg. of 
powdered liver e.xtract, Lilly No. 343, given daily to rats on a xitamin 
B-deficient diet contain an adequate amount of \-itamin Bi to maintain 
a normal growth rate, but that this amount of liver e.xtract under 
similar conditions does not contain an adequate amount of xdtamin 
B:G. 

The Vitamin B, and B- G Content of Lizer Extract (Lilly^ in the Form 
Prepared for Parenteral Injection When Given Orally 

Experiment II. ^Rats which had been kept for 2 weeks on the basal 
diet were dinded into three groups. The animals of the first group 
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were given 0.5 cc. of injectable liver extract by mouth daily in addition 
to the basal diet. This amount of liver extract was equivalent to 2.5 
gm. of fresh whole liver. The animals of the second group received 
the same basal diet and the same amount of liver extract. In addition 
each animal received 15 mg. of activated Java clay as a source of 
vitamin Bi. The animals of the third group received the basal diet 
and the same amount of liver extract. In addition an adequate 
amount of autoclaved bakers’ yeast to supply vitamin Bj G was 
supplied. 

Group I. — ^InFig. 2, a are presented the growth curves of the rats of the first 
group. These am'mals received the basal diet plus 0.5 cc. of liver extract in the 
form prepared for parenteral use. This was administered daily by mouth. By the 
end of the 2nd week two of the animals had died. At this time the diet of the two 
remaining animals was supplemented by autoclaved bakers’ yeast to supply vita- 
min B; G. Hence, from this time on the diet was the same as that supplied to the 
animals of the third group. One of these rats died during the 3rd week. The 
other rat gained 33 gm. in 3 weeks after the addition of vit amin B; G. This was 
an average gain of 1 1 gm. per week. The results in the case of the first two a nimal s 
and in the last two, before the diet was supplemented by vi tamin B 2 G, indicate 
that 0.5 cc. of liver extract prepared for parenteral use but administered orally 
does not contain sufficient \itamin B complex to support normal growth. The 
results in the case of the second two animals after the diet was supplemented by 
vitamin B 2 G will be mentioned when considering the animals of the third group. 

Group II . — In Fig. 2, b are presented the growth curves of the animals of the 
second group. These rats received the basal diet plus the same amount of liver 
extract as did the animals of the first group. In addition, 15 mg. of activated 
Java clay were given daily to each rat as a source of vitamin Bi. Of this group one 
rat gained an average of 10 gm. per week for the first 3 weeks. The second rat 
gained an average of 5 gm. per week, while the third averaged 7 gm. per week. 
These animals therefore gained in weight but not at a normal rate. At the end of 
the 3 week period, autoclaved bakers’ yeast to supply \'itamin B; was added to the 
diet. In the next 2 weeks each of the rats gained considerably over 10 gm. a week, 
a normal rate of growth. These results indicate that 0.5 cc. of liver extract in the 
form prepared for parenteral use when given daily by mouth does not contain an 
adequate amount of \-itamin B; G to support normal growth, even though a suffi- 
cient amount of \-itamin Bi was added to the diet. However, when \-itamin Bj G 
was added, normal growth occurred. 

Group II/.— In Fig. 2, c are presented the growth curves of the rats of the third 
group. The animals of this group received the same amount of liver extract as 
did those of the first and second groups. In addition, these rats received the 
basal diet supplemented by an adequate amount of autoclaved bakers’ veast to 
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supplj- vitamin B. G. Of this group, one rat gained in weight an average of 21 
gm. per week. Two of the rats gained 13 gm. per week, while the fourth rat gained 
8 gm. per week. Three of these animals therefore maintained a normal rate of 
growth. Also, one of the rats in Group I which received after the 2nd week a 
supplement of vitamin B^ G in its diet gained 10 gm. a week, a normal rate of 
growth. These results indicate that 0.5 cc. of liver extract in the form prepared 
for parenteral use, when given daily by mouth, contains an adequate amount of 
\-itamin Bi to maintain a normal rate of growth, proidded an adequate supply of 
vita min Bo G is present in the diet. 

To summarize, this series of tests indicates that 0.5 cc. of liver 
extract in the form prepared for parenteral injection, when given daily 
by mouth to rats kept on a vitamin B -deficient diet, contains an 
adequate amount of vit ami n Bi to maintain a normal growth rate. 
Moreover, it appears that this amount of liver extract tested in the 
same way does not contain an adequate amount of vitamin Bo G. 

The Vitamin Bi and Bo Content of Liver Extract {Lilly), the Form Pre- 
pared for Parenteral Injection, When Given Parenterally 

Experiment III. — ^Rats which had been kept for 2 weeks on the basal 
diet were divided into three groups. The animals of the first group 
received the basal diet and in addition, 0.5 cc. of liver extract daily 
by intraperitoneal injection. This amount of liver e.xtract was 
derived from 2.5 gm. of fresh whole liver. The animals of the second 
group received the basal diet and the same amoimt of liver extract 
administered in the same way and in addition, 15.0 mg. of activated 
Java clay administered daily to each rat to supply ^•itamin Bi. The 
rats of the third group received the basal diet and daih^ injections of 
liver e.xtract administered as to the animals of the other two groups 
and in addition, an adequate 2 Lmount of autoclaved bakers’ yeast to 
supply \-itamin B* G. 

Group I .—In Fig. 3, a are presented the growth curves of the animals of the first 
group. These rats were kept on the basal diet and received daily intraperitoneal 
injections of 0.5 cc. of liver e.xtract. All of these rats lost weight and three of them 
died during tlic 2nd week. The two remaining rats at the beginning of the 3rd 
week were given daily 15 mg. of activated Jax-a clay as a source of vitamin Bi. 
Thus, these two rats received the same diet as those of the second group. Both of 
lliese rats died during the 4th week. These results indicate that 0.5 cc. of liver 
extract in the form prepared for parenteral use and administered by intraperi- 
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toneal injection does not contain sufficient vitamin B complex to support normal 
growtli. The results obtained after the addition of vitamin Bi to the diet ^^•ill 
be mentioned in tlie discussion of Group II. 

Group II. In Fig. 3, b are presented the growth curvms of the animals of tlie 
second group. These rats received dail}^ injections of liver extract, similar to 
those of the first group. The diet of the animals was the basal diet supplemented 
bj"^ 15 mg. of activated Java da}' administered dail}' to supplj'' vitamin Bi. Of 
the animals of this group, one rat died during the 3rd week, having shown no 
appredable gain. A second rat averaged 3 gm. gain in weight per week, a third, 
7 gm., and the fourth, 4 gm. Thus, none of these animals maintained normal 
growth over a period of 3 weeks. At the beginning of the 4th week the diet of 
the three remaining rats was. supplemented with an adequate amount of auto- 
daved bakers’ yeast to supplj" vitamin B; G. During the next 2 weeks one rat 
gained 8 gm. a week, another 10 gm., and a third, 22 gm. Hence, these rats 
maintained normal growth after the addition of vitamin Bo G to the diet. These 
results and those of the two rats in the first group to which vitamin Bi was given 
indicate that 0.5 cc. of liver extract in the form prepared for parenteral use when 
administered dailj’’ bj' intraperitoneal injection does not contain an adequate 
amount of vitamn Bo G to support normal growtJi, even tliough a sufficient 
amount of vitamin Bi was added to the diet. The results whidi followed the 
addition of vitamin Bo to tlie diet will be mentioned in the third group. 

Group III . — In Fig. 3, c are presented the growth curves of the animals of the 
third group. The rats of this group received the basal diet and injections of liver 
extract similar to those of tlie two preceding groups. In addition, tlie diet was 
supplemented bj^ an adequate amount of autoclaved bakers’ yeast to supply 
vitamin B 2 G. Of the animals of this group, one rat made an average iteekly gain 
of S gm., another of 6 gm., a third of 5 gm., and the fourth rat of 3 gni. Thus, 
none of these animals grew at a normal rate. The animals of the second group of 
this series maintained normal growth after the addition of vitamin Bo G to the diet. 
However, these rats w'ere receiving daily 15 mg. of activated Java clay as a source 
of vitamin Bi. The results of the animals of tlie third group of Experiment II 
indicate that 0.5 cc. of liver extract in the form prepared for parenteral use, when 
administered by moutli, contains sufficient vitamin Bi to support normal growth. 
However, the animals of this, the tliird group of Experiment III, did not grow at a 
normal rate w'hen the liver extract was given by intraperitoneal injections, t 
therefore seems clear that the vitamin Bi present in the liver extract was not as 
effective in supporting grow'tli ■when given parenterallj’^ as w'hen a similar amount 
of tlie same preparation is given b}' moutli. 

To summarize, this series of tests indicates that 0.5 cc. of liver 
extract in the form prepared for parenteral use when administcrc 
daily by intraperitoneal injection to rats kept on a vitamin B-deficient 
diet does not contain an adequate amount of vitamin B 2 G to support 
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normal growth. Moreover, it appears that the amoimt of vitamin Bi 
present in liver extract of this form is not so effective in supporting 
normal growth when given by intraperitoneal injection as it is when 
given by mouth. 

The Vitamin Bx and Bi G Content of Vegex 

Experiment IV . — ^Rats which had been kept for 2 weeks on the 
basal diet were divided into five groups. The animals of the first 
group received the basal diet and in addition, 50 mg. of vegex adminis- 
tered daily to each rat. The animals of the second group received a 
similar amount of vegex as those of the first group. In addition, 
they received the basal diet supplemented by 15 mg. of activated 
Java clay daily as a source of xntamin Bi. The animals of the third 
group received a similar daily amoimt of vegex as those of the first and 
second groups. In addition, these animals received the basal diet 
supplemented by an adequate amount of autoclaved bakers’ yeast to 
supply vitamin Bj G. The animals of the fourth group received the 
basal diet and in addition, 150 mg. of vegex administered daily to each 
rat. The animals of the fifth group received the basal diet and in 
addition, 250 mg. of vegex administered daily to each rat. 

Group I . — In Fig. 3, d are presented the growth curves of the rats of the first 
group. These animab received the basal diet supplemented by 50 mg. of vegex 
administered daily to each rat. During the first 3 weeks the greatest average 
indiwdual gain in weight was 4 gm. The other animals of this group averaged 2 
to 3 gm. growth gain per week. At the end of the 3rd week the diet was supple- 
mented with 15 mg. of activated Java day as a source of wlamin Bi. The growth 
gains following this addition were negligible. Hence, after the 3rd week these 
rats received the same diet as those of Group II. The results obtained after this 
addition will be mentioned in the discussion of the second group. The results 
obtained during the first 3 weeks of this experiment indicate that 50 mg. of vegex 
given daily to rats kept on the basal diet do not contain suffident \-itamin B 
complex to support normal growth. 

Group II.— In Fig. 3, e are presented the growth curves of the animals of the 
second group. These rats were fed the basal diet supplemented by 50 mg. of vegex 
daily, and in addition, 15 mg. of acti\-ated Ja\-a clay as a source of \'itamin Bi. 
During the 3 week period the greatest average weekly gain for any of the rats was 
4 gm. per week. The others averaged 2 to 3 gm. per week Similarly, the average 
weekly gain of the rats of the first group after \-itamin Bi was added to the diet 
was negligible. Thus, a normal rate of growth was not mainuined by any of these 
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rats. These results indicate that 50 mg. of vege.x administered daily to rats kept 
on the basal diet, supplemented bj’ an adequate amount of \dtamin Bi, do not con- 
tain a sufficient amount of vitamin G to support normal growth. 

Group III . — ^In Fig. 4, a are presented the growth curves of the animals of the 
third group. These rats were fed the basal diet supplemented by 50 mg. of vegex 
daily, and in addition, an adequate amount of autoclaved bakers’ yeast as a source 
of %dtaniin B™ G. All of these rats for a period of 5 weeks made an average gain in 
weight of over 10 gm. per week; one rat averaged 19 gm. per week. A normal 
rate of growth occurred in all instances. These results indicate that 50 mg. of 
vegex administered daily to rats kept on the basal diet supplemented by an ade- 
quate amount of \dtamin Bo G contain sufficient vitamin Bj to support normal 
growth. 

Group IV . — In Fig. 4, 6 are presented the growth cur\'es of the rats of the fourth 
group. These animals received the basal diet supplemented by 150 mg. of vegex 
administered daily. None of these animals grew at a normal rate for the first 3 
weeks. One rat averaged 7 gm., the others, 4 to 6 gm. per week. At the end of 
the 3 week period the diet was supplemented by an adequate amount of autoclaved 
bakers’ yeast to supply \dtamin Bo G. Following this addition of \'itamin Bo G 
to the diet, four of the five rats gained over 10 gm. per week, thus maintaining a 
normal rate of growth. These results indicate that ISO mg. of vegex given daily 
to rats maintained on the basal diet do not contain an adequate amount of the 
vitamin B complex to support normal growth. However, a normal rate of growth 
is obtained under similar conditions when a sufficient amount of vitamin Bs G is 
added to the diet. Hence, it appears that 150 mg. of vegex, under the conditions 
described, is adequate in its content of cdtamin Bi but defident in its content of 
^'itamin B; G to support normal growth 

Group V . — ^In Fig. 4, e are presented the growth curves of the rats of the fifth 
group. These animals received the basal diet, supplemented by 250 mg. of vegex 
administered daily. Of these rats, only one gained at a normal rate for the first 
3 weeks. The other four rats averaged 3 to 6 gm. gain in weight per week. At 
the end of this 3 week period the diet was supplemented by an adequate amount of 
autodaved bakers’ yeast to supply ^^tamin B; G. After this addition of ^•itamin 
B; G to the diet three of the five rats gained at a normal rate. These results 
indicate that 250 mg. of vegex administered daily to rats kept on the basal diet do 
not contain suffident \'itamin B complex to support normal growth. However, a 
normal rate of growth is obtained under similar conditions, pro\-ided %-itamin B; G 
is added to the diet. Hence, 250 mg. of vegex under the conditions stated is 
adequate in its content of \’itamin Bj but defident in its content of \-itamin B- G. 

To summarize, these results indicate that 50, 150, and 250 mg. of 
vegex administered daily to rats on a vitamin B-deficient diet contain 
an adequate amount of vitamin Bi to maintain a normal rate of growth, 
but that these amounts of vegex under similar conditions do not con- 
tain an adequate amount of vitamin B- G. 
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DISCUSSION 

The rat growth cun'^es presented in this communication do not in- 
clude those of all the experimental animals. The ones presented were 
selected as typical. Relatively large numbers of rats were used in all 
the experiments and the results were entirely consistent with those 
presented. Furthermore, the experiments were repeated as a whole. 
The results obtained in the second group of experiments were entirely 
in keeping with those obtained in the first. 

From the experiments presented, it can be concluded that 100.0 mg. 
of powdered liver extract, Lilly No. 343, and 0.5 cc. of the form pre- 
pared for parenteral use, when given daily by mouth to rats of 40.0 to 
50.0 gm. weight, on a basal vitamin B-free diet, do not contain enough 
vitamin B complex to support normal groviih. Furthermore, when 
vitamin Bi is added to the diet by the dail)'^ administration of 15.0 mg. 
activated Java clay, an amount more than sufficient to give adequate 
growth to such rats if Bo G in an adequate amount were present in the 
diet, there is no appreciable growth gain. However, when autoclaved 
bakers’ yeast as a source of vitamin Bo G is substituted for the wtamin 
Bi, a normal rate of gro\vth occurs. Hence, it seems clear that these 
two forms of liver extract when given b}'- mouth under the conditions 
described contain adequate vitamin Bi to support normal grondh, but 
are deficient in mtamin Bs G. This is not in accordance witli the 
results reported by Guha (9-11) wdio obtained normal gronhli of rats 
under similar conditions with 40.0 to 60.0 mg. daily of the same liver 
extract preparation. Guha used rats fed a diet containing a wtamni 
Bi concentrate. He stated that this concentrate contained some 
vitamin Bo G, but not enough to support growth. It is possible that 
the vitamin Bi concentrate used by Guha might have contained 
enough vitamin Bo G to support normal growth when added to the 
small amount present in liver extract. Guha did not attempt to 
assay the liver extract for vitamin Bi as he did not obtain growth with 
as much as 120.0 mg. when the \dtamin Bi concentrate was omitte 
from the diet. He concluded that the reason for the failure to obtain 
growth wms the low vitamin Bi content of liver extract. Our expen 
ments demonstrate that the failure with 100.0 mg. of liver extract is 
due to its low'^ vitamin Bo G content. _ 

The experiments in w^hich liver extract w^as given by intrapentonea 
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injection demonstrate that liver extract in the form prepared for 
parenteral use does not contain a sufficient amount of the vitamin B 
complex to support normal grovrth of rats under the experimental 
conditions observed. The amount of liver extract injected was the 
same as was tested by the oral route in other experiments. It may 
be recalled that normal growth was not obtained in the case of rats 
which received daily intraperitoneal injections of liver extract and a 
diet supplemented by autoclaved bakers’ yeast as a source of \atamin 
Bi G. Since the same preparation of liver extract was shown to con- 
tain an adequate amount of vitamin Bi when given by mouth in the 
same dosage, it appears that the vitamin Bi present in this form of 
liver extract is not as effective when given by intraperitoneal injection 
as it is when administered orally. 

The experiments emplojdng vegex, a brewers’ yeast concentrate, as 
a source of water-soluble vitamin indicate that it contains a large 
amount of vitamin Bi but a relatively small amount of vitamin Bj G. 
Subnormal growth was obtained when 50, 150, and 250 mg. of vegex 
were given daily to rats on a basal vitamin B-free diet. However, 
when ^’itamin Bj G was added to the diet this growth was normal. 
Strauss and Castle (2) in the treatment of pernicious anemia used 12 
gm. of vegex with 150 cc. of normal human gastric juice in an incu- 
bated digest. This amount, given daily over a period of 10 daj-s, 
produced typical remissions in patients with pernicious anemia. 50 
mg. of vegex, given daily to a rat of 50 gm. weight is comparable to a 
daily dosage of 50 gm. in a person weighing 50 kilos, if calculated by 
weight. Since 50 mg. of vegex were shown to be inadequate in xatamin 
Bj G to support growth of rats, and since a much smaller amovmt 
administered to hiunan beings on a weight for weight basis is adequate 
in content of the e.xtrinsic anti-anemic factor, e%'idence is at hand that 
the growth-promoting factor and the extrinsic anti-anemic factor are 
dissimilar. Although the inabiliU' to support growth in rats appears 
to be e^^dence of the inadequate content of w't amin B; G in a par- 
ticular foodstuff, it should be borne in mind that the term vitamin 
B: G is a general one referring to a thermostable accessorj- food factor. 
The commonly accepted criterion for the presence of this factor in 
foodstuffs is the ability of the material in question to promote normal 
gro\\tli in rats. The absence of this quality in a substance such as 
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vegex, kno^vn to possess another biological property, the ability to 
promote hematopoiesis, indicates the necessity of further study of the 
various components of the heat-stable accessory food factor, vitamin 
Bz G. 

CONCLUSIONS 

1. Liver extract powder. No. 343 Lilly, and the same material pre- 
pared for parenteral use, when administered daily by mouth in 
amounts derived from 2.5 gm. of fresh whole liver, to rats weighing 
from 40 to 50 gm., contain sufficient \dtamin Bi to support normal 
growth, provided the animals receive in addition an adequate amount 
of vitamin B 2 G. Moreover, liver extract in the forms mentioned, 
administered in the same amounts, does not contain sufficient vitamin 
B 2 G to maintain normal growth of similar rate when all other neces- 
sar}’- constituents of the diet are provided. 

2. Liver extract (Lilly) in the form prepared for parenteral use, 
when administered daily by intraperitoneal injections, in amounts 
derived from 2.5 gm. of fresh whole liver, to rats under standard 
experimental conditions, does not contain sufficient vitamin B 2 G to 
maintain normal gro\vth. Furthermore, the amount of vitamin Bi 
present in liver extract in this form is not as effective in supporting 
normal growth when given by intraperitoneal injection as it is when 
given by mouth. 

3. Vegex, wffien administered daily in amounts of 50, 150, and 250 
mg. to rats of 40 to 50 gm. in w'eight contains sufficient vitamin Bi to 
maintain normal growth of the rats, provided the animals receive in 
addition an adequate amount of vitamin B 2 G. However, vegex in 
the same amounts does not contain sufficient ^^tamin B 2 G to support 
normal gro^vth of similar rats when all other necessary constituents 
of the diet are provided. 

4. These experiments indicate that the extrinsic, anti-anemic 
factor of Castle and the thermostable growth-promoting food con- 
stituent, commonly knorni as vitamin B 2 G, are not identical. 
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Variations in the size of red blood cells and in their hemoglobin 
content are striking and important features in various types of anemia 
in human beings. In many instances these variations are sufficiently 
distinctive to be of importance in diagnosis and treatment. In cer- 
tain types of anemia the red cell is small and its hemoglobin content 
is less than normal, whereas in others the erythrocj'te is large and con- 
tains more than the normal amount of pigment. Furthermore, during 
the treatment of macrocytic anemia, the average cell may change dur- 
ing therapy from a macroc>’te to one smaller than normal, and the 
hemoglobin content of the cell instead of being greater may become 
less than normal. These variations indicate the necessity of an altera- 
tion of therapy, involving a shift from one stimulating to cell stroma 
formation to one productive of an increase in blood pigment (1). The 
bone marrow changes during these cellular alterations have been 
studied in pernicious anemia by Peabody (2), and in sprue anemia by 
Rhoads and Castle (3). Very little is known of the actual mechanism 
involved in the alterations of cell size. It has seemed important to 
stud}’- in greater detail the production of such alterations. The 
method chosen was to increase the available body supply of blood 
pigment in animals rendered anemic by bleeding. 

It is frequently stated that blood regeneration takes place less rap- 
idly after e-xtemal hemorrhage than after destruction of red blood cor- 
puscles has occurred within the body. This observation has been con- 
firmed e.vperimentally by the work of McMaster and Haessler (4). 
They produced an anemia in rabbits and observed that the hemoglobin 
loss was replaced more rapidly if the animals were given subcutaneous 
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injections of hemoglobin. They also demonstrated an extensive in- 
crease in the hematopoietic portion of the bone marrow in these 
animals. They concluded that the factor which determines the in- 
crease in amount of the red bone marrow during anemia is the presence 
in the body of hemoglobin or its precursor in an amount greater than 
that which can be utilized by the existing active marrow. Wdiipple 
and his coworkers (5) studied dogs vdth chronic severe posthemor- 
rhagic anemia. They found that if a stroma-free solution of hemoglobin 
were administered intravenously or intraperitoneally to these dogs, 80 
to 90 per cent of the hemoglobin injected was recovered in newly 
formed red cells. In neither of these experiments were observations 
of changes in cell size or in cell hemoglobin content reported. 

The present paper is a study of the erythrocytes of the peripheral 
blood and of erythropoiesis in rabbits rendered anemic by repeated 
bleeding. Certain of the animals were treated with subcutaneous in- 
jections of a stroma-free hemoglobin solution. Particular attention 
was paid to the size and hemoglobin content of the red blood cells. 
The marrow alterations in these animals were also studied in detail 
with a view to explaining, if possible, the mechanism operative in 
bringing about the observed changes in the cells of the peripheral 
blood. 

Methods 

Twenty rabbits were rendered anemic b}'^ almost daily bleedings b}' the method 
of cardiac puncture. The hemoglobin level in all the animals was brought as near 
to 50 per cent as was possible. This could be done only by var3'ing the amount 
of blood removed and the frequency of the bleedings in the individual animals. 
The rabbits were divided into two groups. Subcutaneous injections of a stroma- 
free hemoglobin solution were given daily to the animals of the first group. Ani- 
mals of the second group received no hemoglobin injections and served as contro s. 
This hemoglobin solution was prepared from rabbit blood by the method of Se 
ards and Minot (6). The amount of hemoglobin injected was always in exc^ 
of the amount present in the blood removed by cardiac puncture. Hence t is 
injection was regarded not onl}’^ as a matter of replacement of hemoglobin ronio^ j 
but also as a means of increasing the amount of available blood pigments. ^ 
content of hemoglobin in the solution injected varied from 120 to 140 per cent as 
determined by the Sahli acid hematin method. The amounts injected ea 
varied from 15 to 25 cc., depending on the amount of blood removed on that daj. 

If no bleeding was performed, nevertheless 15 cc. of hemoglobin solution vcre 
injected. 
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Erj-throo-te counts, hemoglobin determination, and measurements of the mean 
corpuscular volume were made on alternate days on all the rabbits. The red cells 
were counted by the usual method using pipettes certified for accurac}' by the 
United States Bureau of Standards. The hemoglobin was determined by the 
Sahli add hematin method using calibrated tubes and standards. Determinations 
of the mean corpuscular volume (M. C. V.) were made with the Wintrobe hemato- 
crit tube (7). From data so obtained the color index and the ;M. C. V. were 
calculated. 

It was possible to continue the e.xperiment as projected for approximately 6 
weeks. Several of the rabbits of each group had lived for 9 weeks when the experi- 
ment was terminated. Necropsies were performed on all the a nim a l s, hlicro- 
scopical studies of the femoral bone marrow were made on tissue fixed in Zenker’s 
fluid with acetic add. The sections were stained with eosin and methylene blue. 

EXPERIMENT.4L 

Maintenance of Anemia 

In Text-fig. 1 are presented for both groups of animals the average 
total volumes of blood and of cells removed weekly per animal. Dim- 
ing the first 2 weeks approximate!}’’ equal volumes of blood and cells 
were removed from all the animals. In order to maintain the hemo- 
globin level at about 50 per cent it was necessary- after the 2nd week to 
increase the amount of blood removed from the treated animals. 
During the 3rd week for the treated series the average total amount 
of blood removed per animal was 45 cc., during the 4th week 70 cc., 
the 5th week 85 cc., and the 6th week 110 cc. Thus the average total 
amount of blood removed over the period of 6 weeks from each of the 
treated animals was 390 cc. The average total amount of cells re- 
moved closely paralleled the amount of blood withdraivn. In order 
to maintain the level of hemoglobin of the control animals at about 50 
per cent, it was not necessary to subject them to such a great blood 
loss. Consequently, the average total volume of blood removed weekly 
from each of the control animals fell sharply after the 2nd week. 
During the 3rd week this amount was 25 cc., for the 4th week 43 cc., 
the 5th week oO cc., and the 6th -week 26 cc. Thus the average total 
volume of blood removed over a period of 6 weeks from each control 
animal w as 204 cc. The average total volume of cells closely paralleled 
the volume of blood removed. 

These figures show that in order to maintain a similar grade of 
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anemia in the animals of the fwr, rr 

tile treated animals to a much -reafeno^' 'Vw" subject 

in the control group. It seem*s cloa +i^ ° ^^ood than was required 
animals erythropoiesis proceeded at a 

the controls. ^ rapid rate than in 


Wood cells 



per^2°' '■ ““ ™'“"“ ''' “<1 »' «“■>'»! weekly 

AUeraiions of the Erythrocytes in the Animals Recemng BemogloUn, and 

in the Control Animals 

, ^ presented the blood studies of an animal considered 

rooe typical of the group which received dailyinjections of hemoglobin, 
f ^ ° T-!'^ blood was removed from this animal over a period 

° ^ uring that time a total of 596 cc. of a stroma-free hemo- 

solution was administered by subcutaneous injection. On the 
44th day accidental death occurred. 
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At the beginning of the experiment the blood levels of this animal 
were as follows; R. B. C. 6,100,000, hemoglobin 91 per cent, M. C. V. 



Text-Fig. 2. The blood studies o£ a typical animal of the treated group. 



Text-Fig. 3. The blood studies of a tj-pical animal of the control group. 

0.610, color index 0.740. Durbg the first 10 days of the e.xperiment 
the red count and hemoglobin levels fell abruptly while the M. C. V. 
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and color index did not A^ary appreciably. However, during the 2nd 
week the color index rose to 1.01 and the M. C. V. to 0.980. It was 
difficult to maintain the blood of this rabbit at a hemoglobin level of 
50 per cent. The anemia obtained during the experiment was repre- 
sented by an average erythrocyte leA’^el of 3,000,000 and a hemoglobin 
content of 55 per cent. The mean corpuscular volume and color inde.x 
were consequent!)’' higher after the first 10 days than they ■v\’ere at the 
beginning of the experiment. At the death of tlie animal the blood 
levels w^ere: R. B. C. 1,850,000, hemoglobin 38 per cent, hi. C. V. 
0.870, color index 1.03. 

The results of the blood studies of a control animal are presented in 
Text-fig. 3. A total of 235 cc. of blood was removed by cardiac punc- 
ture from this animal over a period of 42 days. This animal received 
no hemoglobin solution and accidental death occurred on the 
42nd day. The blood levels at the beginning of the experiment were: 
R. B. C. 5,950,000, hemoglobin 90 per cent, hi. C. V. 0.675, color inde.t 
0.755. Thus the blood elements of this control animal and tliose of 


the treated one presented above were at similar levels at the outset. 
As in the case of the treated animal the red count and hemoglobin 
of this rabbit dropped rapidly during tlie first 10 days, "n’liereas the 
hi. C. V. and color index did not change appreciably. On tlie 10th day 
the blood elements of the t'v \''0 animals ivere at approximate!)’’ equal 
levels. However, after the 2nd w’eek the color index and hi. C. V- of 
the control animal fell gradually. During the remainder of the ex- 
periment the blood levels w’ere considerably lo'vs'er 'tlian they were at 
the beginning. The average hemoglobin level was 45 per cent and the 
er}’throcyte count 3,500,000. At the death of the animal tlie blood 
levels were: R. B. C. 3,900,000, hemoglobin 40 per cent, M. C. V. 0.610, 


color index 0.512. 

Thus in the treated animal an anemia w’as produced in which the 
size of the red blood cell and the color index ■were greater than norma , 
whereas in the control animal an anemia w’as produced in which the 
size of the red blood cell and tlie color index were less than normal. 


The weekly average blood studies of the animals of both groups are 
presented in Table I. At tlie beginning of the e-xperiment the average 
red cell counts and hemoglobin levels of the treated animals were 
higher than those of the control animals. However, the mean corpus 
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cular volimes and the color indices of both groups of animals were 
approximately the same. During the course of the experiment the 
jLYcrage hemoglobin levels of the treated animals were consistently 
higher than those of the controls. The lowest average hemoglobin 
level of the former group was 53 per cent, while that of the latter group 
was 42 per cent. This dissimilarity of the hemoglobin levels of the 
two groups of animals was due to the great difficulty in maintaining 
the desired grade of anemia of the treated animals, although they were 
subjected to a blood loss which was far greater than that of the con- 
trol animals. The average erythrocyte counts of all animals were 
approximately equal imtil the 4th week. After that time the average 

TABLE I 


Combined Averages of Blood Studies for Each Weeh 


Weeks 

R.B.C. m 
injected 
animaU 

R.B.C. in 
control 
animals 

Hemo- 
globin in 
injected 
animals 

Hemo^ 
globtn In 
control 
animals 

il . c . v . in 
injected 

M.C.V. in 
control 
animals 

Color 
index in 
injected 
animals 

Color 
index in 
control 

anlHir^ls 


nUlions 

millions 

for cent 

per cent 

c. M 

e, 



0 

5.76 

4.69 

91 

72 

0.645 

0.645 

0.798 

0.771 

1 

5.38 

3.98 

90 

59 

0.580 


0.802 

0.754 

2 

3.82 

3.72 

53 

48 

0.697 

0.643 

0.808 

0.666 

3 


3.66 

59 

43 


0.741 

0.756 

0.745 

4 

3.45 

3.53 

56 

43 

0.884 

0.681 

0.858 

0.622 

5 

3.01 

3.80 

55 

52 

0.941 

0.706 

0.917 

0.683 

6 

3.37 

3.54 

55 

42 

0.875 

0.714 

0.830 

0.654 


red cell counts of the treated rabbits were lower than those of the con- 
trol animals and so remained throughout the experiment. Hence, 
during the latter part of the study the experimental anemia in the 
animals which received hemoglobin was characterized by lower red 
cell counts and higher hemoglobin levels than were found in the anemia 
of the control animals. 

The average mean corpuscular volmnes of the two groups of animak 
are presented for each week of the experiment in Text-fig. 4, and in 
Table I. At the beginning of the experiment the average mean cor- 
puscular volumes of each group of animals was 0.645. During the 
2nd week the average size of the cell of the treated animals began to 
increase. This increase in cell size continued until the 5th week when 
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it had reached a level of 0.941. During the 5th week it fell to 0.875. 
Meanwhile, the average mean corpuscular volume of the control 
animals increased very little throughout the course of the study. The 
highest level obtained in these animals was 0.741 at the 3rd week. 
How’’ever, it must be pointed out that there was an actual increase in 
the average cell size of the untreated rabbits. At the 6th week the 
average increase in the size of the red blood cell of the treated animals 



Text-Fig. 4. The average mean corpuscular volumes of both groups of animals. 

was 36 per cent, while that of the control animals was 10 per cent. 
Thus there was a steady increase in the size of the erythrocytes of all 
the animals, although it wms much greater in those which received 
injections of hemoglobin. 

The average color indices of the tw'o groups of animals for each vce 
are presented in Text-fig. 5 and Table I. At the beginning of^thc 
experiment the average color index of the treated animals vas 0.79S. 
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There was no appreciable change in the color index of these rabbits 
until after the 3rd week, when it increased steadily until it reached its 
highest level at the 5th week. This level was 0.917. At the end of 
the experiment the average color index of these animals was 0.830. 
In contrast to these results are the levels of the color, indices of the 
control animals. At the beginning of the experiment the average 
color index of these animals was 0.771. During the entire experiment 



the average color indices of this group were alwa>-s lower than the 
original levels. At the termination of the e.xperiment the average 
color inde.x was 0.654. Thus, whereas an average increase of 4 per 
cent occurred in the color indices of the treated animals, a decrease of 
15 per cent occurred in those of the control animals. 

To siunmarize: In the treated animals an anemia was produced in 
which the average cell size and the average color index were higher 
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than were the original levels. The anemia in the control animals on 
the other hand was marked by an average cell size and color index 
strikingly lower than were those of the treated animals. Also in the 
treated animals the erythroc 3 d;e counts were lower and the hemoglobin 
levels were higher than those of the control animals. This occurred 
in spite of the much greater loss of blood to which the treated animals 
were subjected. 

Alterations in the Marrows of Ecmoglohin Replacement and Non- 

Replaccmcnt Animals 

The femoral marrow of the normal rabbit is a reddish gray in color. 
Microscopically it is very fatty and fairly acellular (Fig. 1) . On higher 
magnification, it is seen to contain large fat spaces surrounded by cellu- 
lar elements which for the most part are adult er 3 dhroc 3 d;es and normo- 
blasts, with a limited number of young undifferentiated cells. Wdiite 
blood cells are present, the predominating cell of this series being the 
eosinophil and the eosinophilic myelocyte. 

The marrows of the control rabbits were redder in the gross, and 
histologically more active than were those of normal animals. Fat 
spaces were still numerous, but there was a moderate increase in cellu- 
larity (Fig. 2) . Higher magnification showed many nucleated red cells 
or normoblasts. There were numerous cells ordinarily classed as eryth- 
roblasts because of their basophilic cytoplasm and nuclei containing 
fairly heavy masses of chromatin. There were more leukocytes than 
are seen in the marrows of normal animals. Myelocytes were fairly 
numerous. The blood spaces were open and contained mature eryth- 
rocytes. The distinguishing features between these marrows and 
the normal were: (1) fewer fat spaces, (2) many more normoblasts, 
(3) numerous erythroblasts, (4) white cell hyperplasia. 

In brief, the marrows of the control animals were more active than 
normal, the hyperplasia being normoblastic and er^dhroblastic accom- 
panied by an increased number of myelocytes. 

The femoral marrows of the animals receiving hemoglobin presented 
a striking contrast to those just described (Fig. 3) . They were deep red 
in color, solid, and extremel}'' cellular. The venous sinusoids were 
narrow and compressed. The spaces normally filled "with fat were 
almost entirely replaced by collections of large cells with basophilic 
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cytoplasm. Very fewmatiire erythrocytes -were present. By high mag- 
nification, the predominating cell vras seen to be one -with a moderately 
basophilic endoplasm of somewhat variable contour and size (Fig. 4). 
The nuclei were large and were vesicular, with a loosely arranged net- 
work of chromatin. Mitotic figures were occasionally seen. These 
cells were considered to be late erythroblasts or megaloblasts, accord- 
ing to the classification of Peabody (2). Numerous er>i:hroblasts were 
present. Normoblasts were fewer than in the control marrows. A 
moderate hyperplasia of cells of the myelocytic series was apparent. 

The most striking features differentiating these marrows from those 
of the controls were (1) the solid packing of cells leaving very few fat 
spaces, (2) the relative scarcity of adult er}iJiroc 3 d;es, (3) the relative 
decrease in numbers of normoblasts, (4) the frequent occurrence of 
megaloblasts, (5) the presence of mitotic figures. 

It may be pointed out that the marrows of the rabbits which received 
the stroma-free hemoglobin solution were similar in some respects to 
those of patients with pernicious anemia. They were h^’perplastic, 
with er 3 dhropoiesis predominant at the earlier stages as evidenced by 
the frequent occurrence of megaloblasts and er}i;hroblasts. The 
activity of the marrows of the control animals was similar to that 
seen in chronic anemias associated with loss of blood. The predomi- 
nant cells were the normoblast and late er>i:hroblast. 

DISCUSSION 

As pointed out by McMaster and Haessler (4), one striking featiue 
of the e.vperimental results is the enormously increased hematopoiesis 
in the treated animals over that seen in the control group. Since the 
material used in treatment was a hemoglobin solution which had been 
freed from stroma, no known source of new cell framework was sup- 
plied. These facts indicate that the animal body possesses a large 
reserve of stroma-building material under the experimental conditions 
observed. In spite of the greater withdrawal of blood, the animals in 
the treated series maintained a blood hemoglobin level higher than 
that of the controls. The eiythrocj-te count, on the other hand, 
tended to be lower than in the controls. This disproportion between 
hemoglobin values and numbers of er^-throcj-tes resulted in an increase 
of the color index and was paralleled by an increase in the mean cor- 
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puscular volume of the erythrocytes. Since the average cell size was 
greater in the treated animals, the increased hemoglobin content of 
the cell was not due to a concentration of pigment, but to a greater 
amount of pigment-containing cell stroma. This phenomenon of in- 
creased cell size and hemoglobin content is seen in the so called mac- 
rocytic anemia of sprue and pernicious anemia. In these conditions 
an excess of pigment, bilirubin, is present in the blood stream. It 
disappears when effective therapy has been instituted and improve- 
ment in blood values established. It would appear that in the clinical 
macrocytic anemias the function of erythrocyte stroma formation is 
specifically exhausted and pigment metabolism not interfered with. 
Hence, in an endeavor to meet the metabolic demand for oxygen, a 
larger cell is formed containing more hemoglobin than normal. In 
the experiments described, an analogous situation has been established 
by attempting to exhaust the cell stroma-building material of the 
body and supplying pigment in excess. Changes in size and hemoglo- 
bin content of the erythroc3'tes analogous to those found in macro- 
cytic anemia in human beings were induced. 

In the microcytic anemias of human beings, relieved by iron and in 
part due to an iron deficiency, the cell size is small and its content of 
hemoglobin low. It is suggested that the causal mechanism of these 
changes is the reverse of that just discussed. Here cell stroma forma- 
tion is relatively uninhibited and pigment supply is lacking. In an 
endeavor by the body to compensate, a large number of cells are 
formed which contain relatively little hemoglobin. Here again, a 
somewhat analogous condition developed in the experimental animals 
which were untreated. The color index fell durmg the experiment. 
The mean corpuscular volume did not decrease proportionately. This 
apparent discrepancy may be explained, in part at least, by the per- 
sistently moderately elevated reticulocyte counts obtained in both 
groups of animals. 

No essential difference in the rate of reticulocyte production was 
observed in the two groups of animals. From that observation it is 
clear that the difference in erythrocyte size seen in the two groups was 
not due to a variation in the rate of reticulocyte production. 

The difference between the histological picture of the bone marrows 
of the two experimental groups was most striking. The greater pro- 
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portion of erythroblasts and megaloblasts seen in tbe marrows of tbe 
treated animals was similar in some respects to tbe marrow change in 
tbe macrocytic anemia of human beings. This suggests that under 
circumstances of lack of stroma-forming material, as in tbe macrocytic 
anemias of human beings or of excessive drain on stroma formation 
as in the experiments described, the marrow tends to assmne a younger 
ceU type. Tbe objection may be raised that the difference in the 
rate of erythropoiesis explained the variations in the histological pic- 
tiures of the marrows of the two groups. It must be recalled that the 
difference in hematopoietic rate was due to treatment with hemoglobin 
plus the stimulus of anemia. The marrow histology in the untreated 
animals was of a type seen in anemia in human beings following pro- 
longed loss of blood. Though hematopoietic activity was present, 
the cell type was different and furthermore the degree of cellular hy- 
perplasia was enormously greater in the treated group. 

SUMMARY 

1. An anemia characterized by increased size of the red blood cells 
and a high color index was produced in rabbits by repeated bleeding 
and by the subcutaneous injection of stroma-free hemoglobin solu- 
tion. 

2. The bone marrow of these rabbits reverted to a more primitive 
stage than did the marrows of rabbits rendered anemic in the same 
manner but not treated with hemoglobin. 
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EXPLANATION OF PLATES 
Plate 21 

Fig. 1. The femoral bone marrow of a normal rabbit showing numerous fat 
spaces and a fairl}’- acellular marrow. X 300. 

Fig. 2. The femoral bone marrow of a control rabbit shoeing relatively few 
fat spaces and many normoblasts. X 300. 

Plate 22 

Fig. 3. The femoral bone marrow of a treated rabbit showing a very cellular 
tissue with absence of fat spaces. X 300. 

Fig. 4. The same marrow as Fig. 3, under higher power with very few normo- 
blasts and several megaloblasts. X 1000. 
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STUDIES ON EXPERIMENTAL HYPERTENSION 

I. The Prodhction oe Persistent Elevation oe Systolic Blood 
Peesshee by !Means oe Renal Ischemia* f 

By 'OARRY GOLDBLATT, M.D., JAMES LYNCH, M.D., RAMON F. 

HANZAL, Ph.D., and WARD W. SUMMER\TLLE, M.D. 

{From the Institute of Pathology, Western Reserve University, Cleveland) 

Plates 23 and 2-i 

(Received for publication, December 1, 1933) 

The production of elevated blood pressure in animals has been 
attempted (1-16) by various methods involving injury to the kidneys. 
In the experiments of long duration (7-16), for the purpose of produc- 
ing persistent hj^ertension, the methods used vere injection of 
nephrotoxic substances (7), irradiation of the kidneys by Roentgen 
rays (S), renal venous stasis (9-11) and excision of varying amounts of 
kidney tissue, with or without ligation of some branches of the renal 
arteries (12-16). The elevation of blood pressure which occurred as a 
result of some of these methods did not prove persistent. Cash (15), 
one of those who used the method mentioned last, drew attention to 
the fact that the increase of pressure occurred only when some necrotic 
kidney tissue was undergoing absorption within the body. He gave 
as the conditions under which he obser\'ed temporary elevation of 
blood pressure in dogs, that the total kidne}* substance be reduced at 
least 50 per cent and that, in addition a portion of kidney which has 
been deprived of its circulation be allowed to remain in situ. 

Although it has been suggested (Fahr (17)) that renal ischemia, bj’- 
itself, may play an important part in the development of the hj^jer- 
tension which is associated with more or less diffuse vascular disease 
in man, yet, up to the present time, the validity of this contention has 

* Presented before the .American .■Association of Pathologists and Bacteri- 
ologists in Washington, D. C., on May 9, 1933. 

t .Aided by a grant from the Committee on Scientific Research of the .American 
Medical .Association. 
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not been investigated experimentally in animals by a study desij 
to test tlie effect on blood pressure of renal iscliemia alone. 

In the investigation here reported the working hypothesis ado; 
was that iscliemia Umiled to the kidneys may be the initial conditic 
the pathogenesis of the hypertension that is associated with nep 
sclerosis. If tliis be true, then renal ischemia, no matter how 
duced, should be followed by elevation of blood pressure. Tliis re; 
deals with the effect on the blood pressure of dogs of experiment 
produced ischemia limited to the kidneys. The simplest method 
this purpose being obviously constriction of the main renal artei 
this was the method chosen. 


Method 

Animals and Did . — Dogs of various mixed breeds were used. The animals 
females, varied in weight and age. Their exact age was not known but tliey v 
all full groAvn, seemingly normal dogs. Examination of blood pressure, blood i 
urine during a long control period revealed nothing to indicate renal dise 
They were kept in individual roomy cubicles and fed throughout the entire exp 
mental period on purina dog chow, a complete food adequate to maintain ac 
dogs in good state of nutrition. The amount of water was not limited. 

To effect a narrowing of the main renal artery a clamp was dews 
whereby the degree of constriction of the vessel could be varied a 
controlled. Various contrivances were devised for this purpose 1; 
the clamp illustrated diagrammatically in Text-fig. 1, was fina 
found the most satisfactory. 

The Clamp , — The entire clamp is made of one tj'pe of pure silver.^ The sic 
and back {B) are 0.75 mm,, the compressing plate (C) 0.75 mm. and the remove 
plate {D) 0.5 mm. in tliickness. The double acting screw (A) whereby tlie co 
pressing plate is moved is made of round sUver wire measuring 3 mm. in diamet 
The chamber of the clamp found most suitable for dogs weighing between 10 a 
20 kilos measures 3x3x6 mm. 

Insinimcnisfor the Application of the Clamp . — For the purpose of apphn'ng t 
damp to the renal artery, whidi necessitates working at considerable dept 
retroperitoneally, special instruments were devised, whidi are illustrated diagrai 
matically in Text-figs. 2, 3 and 4. The instrument for holding tlie damp while 
is being applied to tlie vessel is shown in Text-fig. 2. The dedee for the insertic 
of tlie removable plate {D, Text-fig. 1) which helps to encase tlie renal vessd in tl 


‘ Obtained from Baker and Co., Murray and Austin Streets, Newark, 
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damp is shown in Text-fig. 3. Text-fig. 4 is a screw-driver with which to screw 
down the compressing plate (C) and turn the retaining screw (N) which fixes the 
damp in the holder or rdeases it after application to the vessd. 

Application of the Clamp— The damp, without the removable plate (D), is 
placed with the head of the double acting screw (A) pointing downward in the 
lower part of the damp holder (Text-fig. 2, position 1) and held firmly in place by 
means of the retaining screw (N). The portion of the renal arterj' dissected out 
for the purpose is lifted into the upturned damp and is then encased in the damp 
by the insertion of the removable plate (D) into the damp by means of the spedal 
instrument illustrated in Text-fig. 3. The removable plate is hdd tightly in the 
jaws of this instrument while it is being inserted in the damp. In order to be 
able to compress the vessd to the desired degree by means of the compressing 
plate (Q, the clamp holder is so fashioned that pressure upon the knob (H) in the 
handle of the damp holder (Text-fig. 2) rdeases the part that holds the damp so 
that it turns over on a hinge and inverts the clamp (Text-fig. 2, positions 1, 2 and 
3). This brings the head of the screw {A) of the damp uppermost (Text-fig. 2, 
position 3) and makes it accessible for the purpose of screwing down the compres- 
sing plate (C). When this has been accomplished, the retaining screw (iV) is turned 
back and the damp, thus rdeased, is easily pushed out of the holder and left on the 
vessd which it encases and constricts to the desired degree. 

Efect on Blood Flow of Constriclion of Main Renal Artery 

Several experiments were performed to determine approximately 
the effect of various degrees of damping of the main renal artery on 
blood flow through the kidney, A description of one of these e.xperi- 
ments will be given. Wffth the animal imder chloralose anesthesia, 
a T cannula was inserted in the main renal vein which permitted the 
onflow of blood through the vein or the shunting of the stream and col- 
lection of blood for the purpose of measurement of rate of flow. A 
3 minute period was adopted for the indiddual determinations. To 
avoid possible effects of loss of blood on blood pressure and blood 
flow, the blood was immediately returned to the body through a 
cannula in the jugular vein. The mean blood pressure in the carotid 
arterj' was determined throughout the e.xperiment by means of a 
mercury manometer and recording apparatus. A clamp was applied 
to the renal artery, and, after determinations of flow had been made 
without compression of the renal arteiy, the clamp was tightened to 
various degrees and measurements of blood flow were again made. 
Table I illustrates the results of one of these experiments. The effects 
of constriction of the renal arterj* are obxious. In the animals with 
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renal ischemia that were permitted to survive, determinations of blood 
flow through the kidneys could not be made. Since the size of the 
renal arteries and the blood pressure varied in different animals, even 
when they were of about equal weight, the same degree of clamping in 
different dogs undoubtedly had different effects on blood flow. It 
follows that the degree of ischemia could not be standardized and the 
exact extent was not known. A rough estimate of slight, moderate, 
severe, almost complete and complete constriction was made by 
observation and palpation of the vessel. 

Surgical Procedure for the Production of Renal Ischemia 

All operations were performed under aseptic conditions, with the 
animal under ether anesthesia, after a hypodermic injection of mor- 
phine and atropine. A lumbar incision was made and, by retro- 
peritoneal approach, the main renal artery was identified and dissected 
out clean, near its origin from the aorta, for a distance sufficient to per- 
mit the application of the clamp. No attempt was made completely 
to denervate the kidney, but the nerve fibers around the artery were 
sectioned. During the application of the clamp, care was taken in 
manipulating the artery to avoid at any time complete obstruction of 
the renal circulation. The method of application of the clamp is 
described above. Silk sutures were used for closure of the wound. 

In most of the animals a clamp was first applied to the main artery 
of only one kidney and, after an interval of about 2 weeks, or longer, 
the artery of the other kidney was constricted. In most of the dogs, 
in the beginning, the clamps were applied so as to produce only moder- 
ate constriction of the vessels of both kidneys and subsequently they 
were tightened one or more times to effect a greater degree of stenosis. 

Text-Fig. 1. The damp. A, screw which carries tlie movable plate; C, movable 
plate; D, removable plate. 

Text-Fig. 2. The damp holder with clamp inserted. M, a screw, the loosening 
of which permits the knob H to be pressed down and makes it possible for the part 
that holds the clamp to assume anj' one of tlie three positions illustrated. 

Text-Fig. 3. Holder for removable plate D, Text-fig. 1. The metal tube K 
slides down or up and tightens or loosens the grip of the metal jaws on the remov- 
able plate. 

Text-Fig. 4. Screw-driver for tightening of screw A, Text-fig. 1, which carnes 
the movable plate C, Text-fig. 1. 
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Method of Determimlion of Blood Pressure 

In all of tlie early investigations (1-6) the method of determining 
blood pressure is open to criticism. This does not apply to most of 
the more recent studies. In this investigation only the systolic blood 
pressure in a carotid artery was determined. Carotid loops (left 
side) were prepared according to the method of Van Leersum (18) 

TABLE I 

Effect of Various Degrees of Conslriclion of the Main Renal Artery on the 
Outflow of Blood from the Renal Vein 


Degree of constriction of renal artery 


None 

Moderate j 

1 

Severe 

Very severe 

Outflow of blood from renal vein in 10 sec. 

cc. 

cc. 

CC, 

CC, 

13.0 

8.5 

4.5 

1.3 

14.5 

7.5 i 

4.8 

1.0 

12.5 

8.0 

3.6 

1.2 

13.0 

8.0 

4.0 

1.0 

Average outflow per sec. 

1.3 

0.8 

0.4 

0.1 


This illustrates the effect of various degrees of constriction of the main renal 
artery on the outflow of blood from the renal vein and gives some estimate of the 
corresponding degrees of renal ischemia. 

Dog 7. Female. Weight 18 kilos. Anesthesia, ether induction followed by 
chloralose 0.1 gm. per kilo of body weight. Blood heparinized in vivo. Clamp 
on main renal arter)''. Cannula in renal vein. Moderate, severe and very severe 
constriction correspond to 2, 2 J and 3 complete turns respectively of screw A in the 
damp. (See Text-fig. 1.) 

which permitted the daily determination of systolic blood pressure 
painlessly and with the animal at rest in a specially designed box. 
Readings of blood pressure were recorded after the animal had been 
resting in the box for at least 3 minutes. After this, although the 
pressure varied, it was not falling steadily, as it usually did during the 
first minute or two after the animal was placed in the box. ^ Instead of 
arbitrarily choosing the lowest of a number of determinations as the 
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representative pressure of the day, a questionable procedure recently 
suggested (19), we used the method of Dominguez (7) and recorded ten 
observations daily, at one sitting, all made after the period of rest. 
The arithmetic mean of these ten readings was considered the resting 
sj'stolic blood pressme of the day. Pressures were measured at about 
the same time every day. The blood pressure was dete rm ined daily 
for a control period of at least 2 months before the first operation to 
produce renal ischemia. In this study all of the blood pressure deter- 
minations were made by two observers with whom the animals were 
familiar. In the case of Nos. 5-8, 5-9, 6-0, 6-1, 8-7 and 8-9 all of the deter- 
minations were made by one person. In Animals 2-5, 3-8, 4-9, 5-5 and 
5-6 aU of the determinations during the control period and for a period of 
several months after the initial establishment of bilateral renal 
ischemia and consequent elevation of blood pressure were also made 
by one person. In this group, during the remainder of the experi- 
mental period, the determinations were made by the person who made 
all of the observations in the first group mentioned above. 

Determination of Renal Function before and after the Production cf 

Renal Ischemia 

By methods described in detail in a previous study (20) urea clear- 
ance and output of phenolsulfonephthalein were determined in all of 
the animals at frequent intervals before and after the operations. 
In some of the dogs, in addition to urea, the quantity of total non- 
protein nitrogen, creatinine and guanidine in the blood was also 
determined by standard methods. 

EFFECT OF REN.A.L ISCHEMIA ON SYSTOLIC BLOOD PEESSUEE AND 
RENAL FUNCTION 

Te.xt-figs. 5 to 15 illustrate the indiridual mean daily s}- 5 tolic blood 
pressures of all the animals and the urea clearance of some of the 
animals throughout the entire e.xperimental period. Table n gives 
the mean systolic blood pressure in monthly periods and Table in 
givK the mean pressure in the entire control period and in the entire 
period after the initial constriction of both renal vessels. 
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Almost Complete Constriction of Both Renal Arteries with a Short 
Interoal between Operations 

In Animal 2-5 (Text-fig. 5 and Table II) the left renal artery was 
almost completely occluded at the first operation. Systolic blood 



Text-Fig. 5. Dog 2-5. Initial weight 12.6 kilos. Final weight 11.2 kilos. 
Ri, almost complete constriction of main right renal arterj-; Li, almost complete 
constriction of main left renal artery; D, died in uremia. 

pressure soon rose and remained elevated for 16 days. Then the right 
renal artery was almost completely obstructed. Text-fig. 5 is a record 
of the systolic blood pressure before and after the operations. The 
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blood pressure continued to rise follo^ving the second operation and 
finally reached a level almost double the mean pressure during the 
control period. 



Text-Fig. 6. Dog 8-7. Initial weight 14.0 kilos. Final weight 14.2 kilos. 
Ri, almost complete constriction of right main renal arterj’’; Li, almost complete 
constriction of left main renal artery; D, died in uremia. 

Quite suddenlj'^, 2 days before death, the animal developed convulsions. Urea 
clearance, previously not materiall}'’ affected, was diminished almost to zero. 
Blood urea and non-protein nitrogen were greatly elevated. There was a large 
amount of albumin in the urine. The animal became comatose and died in 
obvious uremia. 
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In the gross, the kidneys showed a moderate degree of cloudy swelling and there 
were two small conical areas of hemorrhagic necrosis in the cortex of the right 
kidne}^ Microscopically, in both kidneys, there was severe difiuse parenchjTna- 
tous degeneration, most severe in the convoluted tubules. The infarcts of the 
right kidney proved to be very’ recent. Thrombi in small branches of the renal 
artery were probably present but were not demonstrated in the sections made. 
There were no other pathological manifestations of significance in the body'. 

In Animal 8-7 (Text-fig. 6 and Table 11) both renal arteries were 
almost completely constricted, with an interval of 10 daj’s between the 
two operations. After almost complete constriction of the right renal 
artery, the blood pressure rose and remained moderately elevated for 
a few days but tended then to retinn toward the original level. How- 
ever, after almost complete constriction of the other (left) renal artery, 
the blood pressmre soon rose again and kept increasing daily until 
death which occurred on the 4th day following the constriction of the 
second renal artery. 

Uiea clearance was greatly decreased after the clamping of the second renal 
artery and the quantities of urea nitrogen, total non-protein nitrogen, creatinine 
and guanidine in the blood kept increasing daily until death. There was a large 
amount of albumin in the urine. The animal became comatose 2 days before 
death, had frequent convulsions and died in obvious uremia. The kidneys were 
similar to those of Dog 2-5 except for the absence of infarcts. 

Severe Constriclion of Both Renal Arteries until a Short Interval Between 

Operations 

In Animal 3-8 (Text-fig. 7 and Table II) the main renal artery of the 
left kidney was first constricted, but the clamping, though severe, was 
not made as tight as in Dogs 2-5 and 8-7, reported above. For 14 
day’s following this operation there was a barely significant rise of 
blood pressure. Then the right main renal artery was constricted to 
about the same degree as the left. Following this, the pressure kept 
gradually increasing for over a month until it reached a high level. 
With considerable variations it remained at this level for about 11 
months. During the next 4 months it tended toward a lower level. 
The animal is still alive 15 months after the constriction of both renal 
arteries and the daily’ mean systolic blood pressure is still at least 60 
mm. Hg higher than the mean pressure during the control period. 
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After the damping of the second renal arterj-, urea dearance promptly became 
reduced to about 50 per cent of the average value during the control period (Text- 
fig. 7 and Table II) and, vritb variations, has remained at this reduced level. 
However, the output of phenolsulfonephthalein was not significantly afiected. 
Throughout the experimental period the amount of creatinine, total non-protein 
nitrogen and guanidine in the blood remained within the limits of the control 
period. 

Moderate Constriction of Both Renal Arteries, Subsequently Increased 

In Animals 4-9, 5-5, 5-6, 5-9 and 6-1 (Text-figs. 8 to 12, and Table IE) 
the initial constriction of one renal arterj’^ was moderate. After an 
interval which varied from 11 days to 7 weeks the other main renal 
artery was constricted to about the same degree. In Animal 6-1 
(see S, Text-fig. 12) at the first operation, clamps were applied to both 
main renal arteries, but the vessels were not constricted. Later the 
animal was again given anesthesia for a period of 2 hours (see E, Text- 
fig. 12). There was no elevation of blood pressure following either of 
these procedures. In this animal, and in the others in this group, 
following the constriction of one renal artery, there was a significant 
but variable rise of sj^stolic blood pressure which tended to return to a 
low'er, if not to the original level. Following the constriction of the 
artery of the other kidney, there occurred further increase of s>’stolic 
blood pressure which remained elevated as compared with the normal 
but in some, after varying interv'als, tended to return to a lower though 
not to the original level. Subsequently, after varying intervals, 
whether or not there was a tendency for the elevated pressure to be- 
come lower, both clamps were tightened one or more times. In one 
animal, No. 5-6, the stenosis of both vessels was finally made complete. 
(Te.xt-fig. 10 and Table 11). In all of these animals the daily blood 
pressure remained elevated above not only the mean pressure of the 
entire control period but also well abov'e the highest values obtained 
during this period. These animals have been observed for periods 
varying from 5 months to 1 year, following the initial production of 
bilateral renal ischemia. 

In No. 5-6, urea dearance and output of phenolsulfonephthalein were not 
studied because collection of urine was veiy difficult. In the other animals urea 
clearance varied greatly following the clamping of the vessek, but there was no 
permanently significant change and, at the end of the experimental period, the level 
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11',xt-Fio. 9. Dog 5-5. Initial weight 14.4 kilos. I'inal weight 16.4 kilos. Ri and Lj, moderate constriction of right 
and left main renal arteries; Rj and Ljj constriction of right and left main renal arteries increased to very severe; D, the 
animal died during anesthesia for proposed unilateral nephrectomy. 
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was within the limits of the control values or only slightly reduced. The quanti- 
ties of urea, creatinine, total non-protein nitrogen and guanidine in the blood 
varied but were within normal limits throughout the entire experimental period. 
The output of phenolsulfonephthalein was not significantly affected in any of these 
dogs following the production of renal isdiemia. 

Animals 4-9, 5-5 and 5-6 are dead. Animal 4-9 was sacrificed in the experiment 
described at the end of this paper for the purpose of determining the effect of 
compression of the carotid loop on sj'stemic blood pressure. At autopsy, the left 
kidney weighed 39 gm. and the right 33 gm. The capsule was moderately thick- 
ened and quite adherent in both. The microscopic exa m ination has not 3-et been 
made. 

Animal 5-5 died during anesthesia for proposed unilateral nephrectomy. At 
autopsy, the kidne}-s were about the same size as they were when obsen'ed at the 
preceding operations. The right weighed 44 gm. and the left 40 gm. Alicro- 
scopicaUj’, both kidnej-s showed only moderate parenchjmatous degeneration and 
slight thickening of Bowman’s capsule and of the basement membrane of some of 
the glomeruli. There were more and larger vessels in the renal capsule than is 
usual in a dog's kidnej', which probably served as accessory circulation. 

Animal 5-6 also died during anesthesia for proposed unilateral nephrectomy. 
At autopsy, both kidney's were reduced in size. The left weighed onl\* 15 gm. 
and its size was about one-fourth of what it was when obsen-ed at the first opera- 
tion for the production of ischemia 7 months before death. The right kidney 
weighed 32 gm. In both kidneys the capsule was thickened. Alicroscopicallj-, 
there were many large vessels in the capsule, at least some of which entered the 
renal substance, and e-iddently must have acted as a substantial accessory circula- 
tion. In both kidneys, but more in the left, there was severe diffuse paren- 
chj-matous degeneration which affected most severely the meduUarj- parench3-ma, 
and also diffuse increase of connective tissue. In most of the glomeruli of the left 
and in many of the right kidney there were greatl3' thickened basement membranes 
of the glomerular tufts and thickened Bowman’s capsules. In the left kidne3’ 
man3' of the interlobular and afferent vessels had thickened walls and the size of 
the lumen was greatl3- reduced. In some of the arterioles there was h3-aline 
degeneration of part or of all of the thickened wall. Interstitial fibrosis was greater 
in the left kidney. 

Bilateral Moderate Reyial Ischemia, Later Increased, and, Still Later, 
U nilateral Nephrectomy 

In Animal 5-S (Text-fig. 13 and Table II) the original constriction 
of both main renal arteries and the subsequent tightening of the clamps 
were of about the same degree as in the preceding group of dogs. 
Sv-stolic blood pressure showed a significant rise, which persisted, but 
with a tendency to return to a lower though not the original level. 
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6 weeks after the last tightening of the clamps the left kidney was 
removed. This was followed by a significant but slight further in- 
crease of blood pressure which did not persist at that level. However, 
the blood pressure continued to be definitely elevated as compared 
with the control period. 

Urea clearance was moderately reduced following the initial damping of the 
right renal arterj' but soon returned to normal. It was not significantly affected 
by any of the other procedures and, at the end of the experimental period, the 
values for the dearance and for urea, creatinine, total non-protein nitrogen and 
guanidine in the blood were well within the limits of the control period. The out- 
put of phenolsulfonephthalein was not significantly affected by any of the pro- 
cedures. Following the tightening of the damp a moderate degree of albuminuria 
devdoped. This became more severe after removal of the left kidney and per- 
sisted to the end. Animal 5-8 was killed 4 months after the removal of the left 
kidney and 10 months after the initial production of bilateral renal ischemia. 

The left kidney, removed surgically, and the right, removed at autopsy, showed 
gross and microscopic changes similar in most respects to those of Dog 5-6. In 
the gross, the kidnej-s were only moderately reduced in size compared with their 
appearance at the first operation. The right weighed 30 gm. and the left 35 gm. 
The capsule was moderately thickened. Microscopically, the thick enin g of 
Bowman’s capsules was particularly striking but, as in No. 5-6, there was also 
thickening of the basement membrane of glomerular tufts and of the walls of the 
smaller arteries. There was much less increase of interstitial connective tissue 
than in the left kidney of No. 5-6. 

The Effect 07 i Blood Pressure of Severe Ischania in Other Organs, 
Followed by Renal Ischemia 

In Animal 6-0 (Text-fig. 14 and Table H) after the usual control 
period, the splenic artery was almost completely occluded. 6 weeks 
later, both femoral arteries were ver}' greatly constricted immediately 
below Poupart’s ligament. There was no significant alteration of 
systolic blood pressure due to any of these procedures. 1 month 
later, the main right renal artery was moderately constricted, and 1 
month after this the left renal arterj' was similarly constricted. 
About 10 weeks later the clamp on the left renal arter>' was tightened 
so that the constriction of the vessel was almost complete. A signifi- 
cant but moderate elevation of blood pressure occurred following the 
initial constriction of both main renal arteries. There was a tendency 
for the pressure to return to a lower level. It was temporarily in- 
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creased by tbe subsequent tightening of the clamp on the left renal 
artery. Although it soon returned to a lower level, yet this con- 
tinued to be significantly but only slightly higher than during the 
control period. Fig. 1 is a roentgenogram of Animal 6-0, taken dur- 
ing life, with all of the clamps applied. 

Urea dearance, the quantity of urea, creatinine, total non-protein nitrogen and 
guanidine in the blood, and the output of phenolsulfonephthalein were not sig- 
nificantly affected by any of these procedures. At the end of the experimental 
period their values were about the same as during the control period. 

Rami Ischemia FoUcrdnng Excision of Right Suprarenal Body, Section 
of Left Splanchnic Nerees, Dcnercation of the Left Suprarenal Body 
and Destruction of Its Medulla 

In Animal 8-9 (Text-fig. 15 and Table II) after the usual control 
period, the right suprarenal body was removed. Under ether 2 weeks 
later the left major and minor splanchnic nerves were cut, all of the 
nerve fibers to the left suprarenal body that were recognizable in the 
gross were severed, and the medulla of the left suprarenal body was 
removed as completely as possible by means of a burr. The blood 
pressure remained practically unchanged after these procedures. 
Then, at separate times, both main renal arteries were moderately 
constricted by clamps. Following this the systolic blood pressure 
showed a moderate rise which persisted with some tendency to return 
to a lower but not to the normal level for this dog. In No. 8-9, for 
the same reason as in No. 5-6, urea clearance and output of phe- 
nolsulfonephthalein were not determined. The quantity of urea, 
creatinine, total non-protein nitrogen and guanidine in the blood 
varied but was not significantly affected by any of the procedures. 

The Possible Efcct of Compression of the Carotid Loop on Systemic 

Blood Pressure 

An e.xperiment was performed which was designed to cover the possi- 
bility that the elevated systolic blood pressure foimd in all of the 
animals during the period following the constriction of both renal 
arteries was really due in some way to compression of the carotid loop 
by the cuff used in making the determinations. Although the same 
method was used during the control period, yet it might be averred 
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that the clamping of the renal arteries altered the body in some way 
so as to account for this difference of reaction to a possible reflex from 
the compressed carotid artery, or to the partial reduction of cerebral 



Text-Fig. 15. Dog 8-9. Initial weight 13.6 kilos. Final weight 16.2 kilos. 
Ai, excision of right suprarenal body; Ao, destruction of medulla and denervation 
of left suprarenal bod}''. Section of left major and minor splanclinic nerves; 
Ri and Li, moderate constriction of the right and left main renal arteries. The 


animal is still alive. 


circulation caused by the repeated, momentary occlusion of the one 
carotid artery during the determination of blood pressure. 

Animal 4-9 was used. At this time this animal was still showing a significant 
though slight elevation of blood pressure as determined by the carotid loop method. 




GOLDBLATT, LVNCH, HANZAL, AND STIMArER\TXLE 


371 


Under ether anesthesia, after a h^-podennic injection of 1/2 grain morphine sulfate 
and 1 /300 grain atropine sulfate, a cannula was inserted in the right femoral arterj' 
and connected with a.mercur}' manometer for the purpose of making a kj-mo- 
graphic record of the mean hlood pressure in this vessel. Through a small in- 
cision in the neck, the right common carotid arter>- was exposed and separated 
from surrounding tissues. Some determinations of pressure in the carotid loop 
(left common carotid) were made and the cuff was then left loosely applied to be in 

TABLE m 

Mean Daily SysloUc Blood Pressure during (he Control Period before Clamping 
Either Renal Artery and during the Entire Period after the Initial Constriction 
of Both Main Renal Arteries 


Dos No. 


Control period 


Period after initial constriction of both 
renal arteries 

Mean. 

systolic blood 
pressure 

No. of dzys 

No. of 
obstrvadons 

Mean 

sj’StoHc blood 
pressure 

No. of daj-s 

No. of 
observ-ations 

2-5 

nm. Bg 

146 

62 

62 

nm. Bg 

174 

21 

21 

3-8 

160 

63 

63 

252 

454 

345 

4-9 

159 

63 

63 

215 

363 

314 

5-5 

161 

161 

145 

202 

138 

116 

5-6 

154 

76 

76 

205 


172 

5-8 

150 

S3 

S3 

214 

294 

219 

5-9 

169 

148 

148 

232 

274 

235 

6-0 

185 

134 

121 

224 

227 

194 

6-1 

191 

182 

156 

221 

161 

137 

8-7 

152 

86 

68 

262 

4 

4 

8-9 

173 

72 

65 

212 

98 

87 


By number of observations is meant the number of days on which determina- 
tions of blood pressure were made. During the control period, in many of the 
dogs pressures were taken every day of the week, so that the number of days and 
number of obsei^ntions coindde. The mean daily sj-stolic blood pressure is the 
mean of ten observations made at one sitting. 

readiness for the compression of the loop. A record of blood pressure in the 
femoral arten.- was then made. The mean pressure in the femoral artet>- imme- 
diately before the compression of the carotid loop was 185 mm. of mercurj- and 205 
mm. in the carotid loop. This is about the normal difference between the pres- 
sures in these two vessels when both are obtained by direct methods. The carotid 
loop was then quickly compressed, by pumping air into the cuff around it, so as 
completely to obstruct the flow of blood through the left carotid arter>' for SO 
seconds. During the compression of the carotid loop (sec 1, Fig. 2) the mean 
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pressure in tlie right femoral arter 3 ' showed an insignificant elevation of not more 
than 5 mm. lig. After an interv^al, the freshlj'^ exposed right common carotid 
artery was completely obstructed by compression witli a bulldog clamp, the jaws 
of which were covered with rubber, and, at the same time, the carotid loop (left 
common carotid) was compressed so as completel)" to obstruct blood flow tlirough 
the vessel. There was a prompt but slight (15 mm. I-Ig) rise of pressure in tlie 
femoral artery, whicli persisted while the carotids were obstructed but promptly 
returned to the original level when the compression of both vessels was released 
(see 2, Fig. 2). After an inteiA^al of a few minutes the left carotid alone was again 
completely obstructed by compression of the carotid loop. This time there was 
practically no efliect on the mean blood pressure in the femoral artery (see 3, Fig. 
2). The compression of the carotid loop was released and, after an interv^al, tlie 
freshl}' exposed right carotid alone was clamped. There was a prompt but slight 
(15 mm. Hg) elevation of mean blood pressure in the femoral artery (see 4, Fig. 2) 
which persisted until the clamp was removed from the artery, when it promptl 3 ' 
returned to tlie original level. The interesting finding is tliat tlie increase of pres- 
sure during the obstruction of tliis freshl 3 ' e.xposed right carotid arter 3 " alone was 
exactl 3 ' equal to the elevation whicli occurred following tlie previous compression 
of botli carotid arteries. It follows, therefore, that tlie compression of the carotid 
loop contributed little or no effect when both vessels were compressed at the same 
time. 

All of these observations were repeated with exactly the same results 
(see 5-9, Fig. 2). Even ten quickly repeated occlusions of the left 
carotid artery in the carotid loop (see 6, Fig. 2) failed to have a sig- 
nificant effect on the pressure in the femoral a^ter 3 ^ Constriction of 
the freshly exposed right carotid arter}^ tvitli or wnthout coincident 
compression of the carotid loop again had an equal effect on the blood 
pressure in the femoral a^te^ 3 ^ 

It is safe to conclude, therefore, that the elevation of blood pressure 
(of the order found folloiving the constriction of the renal arteries 
Text-figs. 5 to 15) cannot be attributed to any effects of compression 
of the carotid loop in making the determination. 

DISCUSSION 

The results of the foregoing experiments show that the constriction 
of the main arteries of both kidneys of dogs was follow^ed invariably by 
elevation of systolic blood pressure, determined in a carotid arter 3 ’-, 
which persisted for as long as 15 months. Great, permanent con- 
striction of large arteries in other parts of the body did not induce 
persistent significant elevation of S 3 ^tolic blood pressure. The m- 
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Teased values cannot be accounted for by the compression of the 
;arotid loop in making the determinations. 

The mechanism of elevation of the blood pressure of these animals 
las not been elucidated by these experiments. Bell and Pedersen 
[10), in attempting to explain the temporary increase of systolic blood 
pressiure which they observed in rabbits, following the experimental 
production of venous stasis in one kidney, used the teleological argu- 
ment that: “WTien there is increased resistance in the renal circulation 
the blood pressure must be increased in order to maintain the normal 
blood flow.” They referred to this as a compensatory process. Such 
an argument could also be applied to the case of experimental renal 
ischemia and has the advantage as well as weakness of all teleological 
reasoning. It fails to explain just whj’' the normal blood flow must be 
maintained and gives no clue to the specific mechanism whereby this 
is efiected. It merely takes advantage of the fact that in those ani- 
mals that survived the blood pressure actually was raised and, as a 
consequence, blood flow was most probably improved; but it does not 
explain the mode of development of the elevation of blood pressure. 

It is a simple matter to outline a number of possible mechanisms 
whereby the blood pressure may be raised as a result of renal ischemia. 

(a) Afferent impulses from the affected ner\*e endings in the ischemic 
kidnej'^s to the s>Tnpathetic ganglia or vasomotor center may result in 
general vasoconstriction and consequent elevation of blood pressure. 

Complete denerv'ation, if possible, of both kidneys, before the appli- 
cation of the clamps, would give some clue to the e.xistence of such 
impulses but would not distinguish between a direct, purely nervous, 
and an indirect humoral mechanism brought into play by such afferent 
impulses from the kidney. This experiment has not yet been per- 
formed. 

(h) Afferent impulses from the ischemic kidnej-s may, in some way, 
bring about increased output of some internal secretion which, by 
peripheral or central action, ma^’’ effect general vasoconstriction, and 
thus raise the blood pressure. 

Sufficient experiments to determine this were not made. That the 
suprarenal medulla probably plaj’s no part in the process is indicated 
by the e.xpcrimcnt on Dog 8-9 in which the right suprarenal bodv was 
removed, the medulla of the left destro 3 -ed and the left splanchnic 
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nerves and nerye fibers to the left suprarenal body sectioned. The 
blood pressure was not significantly affected by these procedures. 
Subsequently, production of moderately severe bilateral renal ischemia 
was followed by moderate elevation of systolic blood pressure. The 
possible part played by the pituitary body was not investigated. 

(c) There may be an accumulation or new formation of some sub- 
stance, or there may occur a disturbance of chemical equilibrium 
between substances present in the blood which may effect a pressor 
action like that of a hormone. 

The existence in the blood of subjects vdth hjqiertension of a sub- 
stance or substances capable of raising the blood pressure and differing 
either quantitatively or qualitatively from any found in subjects with 
normal blood pressure, has not been demonstrated. In those animals 
(Nos. 2-5 and 8-7) in which the constriction of the vessels was almost 
complete from the beginning, that showed great elevation of blood 
pressure but did not survive ver}'’ long, there was an accumulation of 
urea, creatinine and total non-protein nitrogen in the blood. How- 
ever, it has not been shown that these substances have a pressor effect 
and they did not increase in the blood of the animals in which the 
clamping of the renal arteries was less severe but in which, nevertheless, 
an elevation of pressure did occur. In all of the animals, except No. 
2-5, the quantity of guanidine in the blood was determined at inter- 
vals. Animal 8-7 is the only one that showed an appreciable elevation 
of this substance above the normal. Tins occurred during the 4 days 
of survival following the almost complete clamping of the second renal 
artery, during which time the animal was in uremia. In all of the 
other animals, even in No. 3-S, which had the longest period of per- 
sistent hypertension, during which pressures even higher than those of 
Animal 8-7 were attained, no increase of guanidine in the blood was 
found. Major (21) has shovm that there is decreased excretion of 
guanidine in the urine of patients with arterial hypertension. Tins 
was not studied in these animals. Major and collaborators (22-27) 
have shown that various guanidine compounds, when injected into the 
blood stream of animals, cause a rise of blood pressure which persists 
longer than after injections of adrenalin. It has been shorni (28) 
that the site and mode of action of guanidine compounds are like those 
of adrenalin. However, no one has found an increase of guanidine m 
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the blood of patients with vascular hj-pertension. The exact part, if 
any, played by the metabolism of guanidine in patients with hyper- 
tension, and in these animals with experimentally elevated blood pres- 
sme, still remains to be determined. 

REStTME 

In eleven dogs, by the carotid loop method of Van Leersum, sj’stolic 
blood pressure was determined daily for at least 2 months before, and 
for from 3 days to 15 months after, the constriction of both renal 
arteries by means of a special clamp devised for the purpose. The 
clamp permitted the degree of constriction of the vessel to be varied 
and increased at wiU. In some of the animals the constriction was 
made great from the beginning; in others, it was made moderate at 
first and subsequently increased one or more times. Constriction of 
one renal artery was followed by a moderate or slight rise of blood 
pressure which tended to return toward the level of the control period. 
Following the production of bilateral renal ischemia, the systolic 
blood pressure rose to a varying degree in all of the animals. During 
a variable period following the constriction of the second vessel very 
high values were common. No attempt was made in this series of 
animals to reduce or remove the accessory circulation through the 
capsule of the kidney. This is being done in another series of animals. 
In those animals in which the constriction was made moderate at 
first, and later increased, the amoimt of this accessory circulation 
probably became quite considerable and very likely was responsible 
for the tendency of the elevated pressure eventually to decrease in 
most of the animals. However, in all of the animals, the systolic blood 
pressure remained elevated well above the normal range. 

In two animals, (Nos. 2-5 and 8-7), in which the clamping of both 
arteries was made almost complete from the start, the rise of blood 
pressure which followed was accompanied by the development of 
uremia which rapidly proved fatal. In these animals, the amount of 
urea nitrogen, total non-protein nitrogen and creatinine in the blood 
kept increasing and the urea clearance and output of phenolsulfone- 
phthalein kept decreasing until death. In the remaining animals that 
survived for many months the only renal function test which indicated 
some renal damage in a few of the animals was the urea clearance. 
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Urea, total non-protein nitrogen, creatinine and guanidine remained 
within normal limits. In one animal (No. 3-8), that has had a per- 
sistently elevated systolic blood pressure for 15 months following 
severe constriction of both main renal arteries, the urea clearance 
remained reduced tliroughout to about 50 per cent of the mean value 
obtained during the control period. In the remaining animals in 
wdiich the constriction was made moderate at first and then increased, 
urea clearance show^ed either slight reduction, with rapid return to 
normal, or practically no change from the normal. 

In one animal (No. 6-0), the splenic arter}"- and both femoral arteries 
w^ere greatly constricted at different times before the clamps were 
applied to the renal arteries, but no rise of blood pressure occurred 
until after the renal arteries of this animal had been constricted. 

In one animal (No. 8-9), the right suprarenal bod}’" -was removed, the 
left suprarenal body was denervated and its medulla mechanically 
destroyed, and the left major and minor splanclmic nerves were sec- 
tioned. The blood pressure of this animal showed no significant 
change until after the renal arteries w'ere constricted, when a moderate 
rise promptly occurred and persisted. 

Of the nine animals in 'which the systolic blood pressure remained 
elevated for 4 months or longer followng the initial constriction of 
both renal arteries, five are still alive. The examination of the kidneys 
of three of the dead animals (Nos. 5-5, 5-6 and 5-8) in this group (one 
kidney of No. 5-8 ■n’’as removed surgically) indicates that iscliemia ma)'’ 
be able to induce significant changes in glomeruli, parench}rma and 
vessels of the kidney. Gross infarction of kidne}'’ substance was not 
observed in these kidneys, and microscopicallj’" massive necrosis was 
not present. The changes in the tissues of the animals with persistent 
hypertension and without signs of uremia were therefore abiotrophic 
rather than necrobiotic. Thus, necrosis of kidnej'’ substance was not 
a necessar)’’ condition for the development of elevated blood pressure in 
these animals. It is to those abiotrophic changes in the kidneys that 
the elevation of blood pressure is probably attributable because it is 
well knovm that in acute experiments clamping even of both renal 
vessels has little or no immediate effect on blood pressure. Tlie patho- 
logical changes in the kidne3’’s as "n'eH as possible patliological changes 
in other parts of the body wall be studied at autopsy in the remaining 
animals and vail be the subject of another report. 
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Throughout this study cardiograms of all the animals were made at 
regular inten^als as an aid to determine the development of cardiac 
h\^ertrophy in these animals. The results of the studj to determine 
the existence of hj'pertrophy by roentgenographic and morphologic 
methods will be included in the report which will deal with the ana- 
tomical findings in all of these animals. 

COXCLTjSIONS 

These experiments indicate that, in dogs at least, ischemia localized 
to the kidneys is a suJEcient condition for the production of persistently 
ele\^ed sj-stolic blood pressure. WTien the constriction of both main 
'^enal arteries is made only moderately severe in the begin n ing, the 
elevation of sj-stolic blood pressure is unaccompanied b}-- signs of 
materially decreased renal function. In this respect the hj'pertension 
in these animals resembles the hj^pertension which is associated with 
so called benign nephrosclerosis in man. Subsequent increase of the 
constriction of the main renal arteries does not materially damage 
renal function, probably because of adequate development of accessory 
circulation. !More delicate methods for detecting a change may yet 
prove that some damage does occur. Almost complete constriction 
of both main renal arteries, from the beginning, results in great 
elevation of s)’stolic blood pressmre which is accompanied by severe 
distmbance of renal function and uremia. This resembles the U-pe of 
hjqiertension v’hich is associated with so called malignant nephro- 
sclerosis, in the sense of Fahr (17). In several of the animnU -n-ith 
persistent elevation of sj-stolic blood pressure, anatomical changes 
were obser\'ed in the glomeruli, vessels and parenchyma of the kidneys 
which are most probably directly referable to the ischemia. 

It is hoped that these investigations will afford a means of studying 
the pathogenesis of hypertension that is associated with renal vascular 
disease. 


To Professor T. J. Hill we are greatly indebted for adrice and 
assistance in the construction of the first model of the clamp. We 
wish to record our sincere thanks to Professor J. M. Rogoff who per- 
formed the surgical operations on the suprarenal bodies of Animal 
S-9. To Professor H. T. Karsner we are very grateful for his con- 
tinued interest in and furtherance of this investigation. 
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EXPLANATION OF PLATES 
Plate 23 

Fig. 1. Dog 6-0. Roentgenogram, sliowing an arterial clamp on the splenic, 
both renal and both femoral arteries. 

Plate 24 

Fig. 2. Dog 4-9. Ether anesthesia drop method, following hj'podermic injec- 
tion of morphine and atropine. Experiment to determine the effect of compression 
of the carotid loop on sj'stemic blood pressure. 
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The numbers 1 to 9 indicate the beginning of obstruction of one or both carotid 
arteries. The release of the signal indicates -when the compression was stopped. 

(1) Left common carotid arterj- completel}' obstructed bj' compression of carotid 
loop by means of air pumped into a cuff around the loop. 

(2) Freshly isolated right common carotid and the left common carotid in the 
loop simultaneousl 3 - obstructed. 

(3) Same procedure as (1). 

(4) Freshly isolated right common carotid alone completely obstructed. 

(5) Same procedure as (1). 

(6) Left common carotid obstructed by compression of loop as (1) but repeated 
ten times. Each obstruction lasted 10 seconds, with an interval of 10 seconds 
between occlusions. 

(7) Same procedure as (4). 

(8) Same procedure as (1). 

(9) Same procedure as (2). 
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BACTERIAL GROWTH AND J^IULTIPLICATION AS DIS- 
CLOSED BY MICRO MOTION PICTURES 

Bv RALPH W. G. W^'CROFF, Ph.D. 

{From the Laboratories of The Rockefeller Institute for Medical Research) 
Rlates 25 TO 28 

(Received for publication, December 6, 1933) 

With an apparatus and technique developed primarily for studying 
the injurious effects of ultraviolet and X-radiation on microorganisms, 
long series of micro motion pictures have been made during the last 
2 years of many kinds of bacteria. Besides providing numerous illus- 
trations of normal growth and multiplication, these records show the 
development and the subsequent behavior of many morphological 
structures which have been described as evidence that these organisms 
go through comple-v cycles of growth. They demonstrate the origin 
of much of the pleomorphism seen in bacterial cultures and they bring 
to light many relationships between different bacteria, and especially 
between bacteria and certain higher microorganisms, which otherwise 
are not apparent. Though the present films contain answers to only a 
few of the many questions of bacterial life history’’ which in recent 
years have received a detailed, but mainly imaginative, treatment, it is 
clear that the micro motion picture study of living microcultures 
allows a direct experimental attack upon them. The folio-wing dis- 
cussion is limited to a description of the multiplication processes 
occurring in bacteria and to an outline of some relationships between 
these processes and the pleomorphism of several common bacterial 
t}’pes. 

In spite of the fact that it is an old technique, bacterial microculture 
on solid media has found little serious use. Ivlany j-ears ago it was 
employed* in observing the di\ision of diphtheroids; very recently it 

* Hill, H. tv., J . Med. Research, 1 902, 7, 202. Kisskalt, K., and Berend, E., Ctr.tr 
Bad. I. Alt., Orij., 1918, 81, 444. 
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has been used in micro motion picture studies- of the rate of bacterial 
multiplication and of the germination of certain aerobic spores. The 
growth of single avian and human tubercle bacilli has been obser\^ed 
in fluid microcultures so small that the fate of individual cells could be 
determined^ and a procedure, somewhat like the one used in the present 
study, has been applied to the development of some microcolonies'' 
and to the cultivation of several anaerobic bacteria and their spores.® 
The present photographs have been made of bacteria growing on the 
surface of thin transparent blocks of solid media, melted on cover- 
glasses and inverted and sealed over hollow ground slides. These 
micropreparations are ver}'^ easy to make and are of general applica- 
bility. They have already been described in studies of the pleonior- 
phism of B. shigac,^ of the growth of Mycohactcrium phlci^ and of 
several strains of the tubercle bacilli from cold blooded animals.® 
The micro motion picture equipment with which the development in 
these preparations has been followed has also been described.® 

All of the films sersing as data for the following discussion have been made with 
3 mm. oil immersion objectives upon fine grained 35 mm. motion picture film, the 
initial magnification being about 350 X. The interval between exposures TOried 
betw'een 5 seconds, for some rapidly multiplying staphylococd, and 8 minutes, for 
some of the m 3 "cobacteria. Including those which form the basis for the descrip- 
tions alread}^ published, these motion picture records now' cover approximately 
40,000 feet of negative and represent an obser\'ation period of several thousand 
hours. 

The cultures have been drawn from a variet}' of sources. The B. sJiigac, M. 
pJilei and tubercle bacillus strains were enumerated in the papers dealing witli 
these organisms. Other bacteria, togetlier wdth the media upon which tliej' have 
been photographed, are the following: (1) B. megatherium. From American 
T 5 'pe Culture Collection, Chicago (A.T.C.) ; on ordinary nutrient agar (N .A.). (2) 

B.suhtilis. A.T.C.;N.A. {i) B.inycoidcs. A.T.C.jN.A. {4) B. flc.xus {7). A 

® Baj'ne-Jones, S., and Adolph, E. F., /. Cell, and Comp. Physiol., 1932, 1, 409, 

2, 329. 

® Kahn, M., Am. Rev. Tubcrc., 1929, 20, 150; Ami. Inst. Pasteur, 1930, 44, 2o9. 

^ Schubert, 0., Centr. BacL, 1. Abt., Orig., 1920, 84, 1. 

® Fortner, J., Centr. Bad., 1. Abt., Orig., 1930, 116, 96. 

® Wyckoff, R. W. G., J. Exp. Med., 1933, 67, 165. 

^ W 3 'ckoff, R. W. G., and Smithbum, K. C., J. Infect. Dis., 1933, 63, 201. 

® Wyckoff, R. W. G., Am. Rev. Tubcrc., in press. ^ 

® Wyckoff, R. W. G., and Lagsdin, J. B., Rev. Scient. Instruments, 1933, 4, 33/. 
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laboraton- spore former dosd}- resembling B. flexiis] NJi.., Nj\.. + 6 per cent 
glycerine’ Long’s S 3 mthetic medium + agar (L.A.). (5) B. pyocyaneus {Pseudo- 
monas aeruginosa). A.T.C.;N.A. {6) Pseudomonas fiuoresccns. From Dr. K. 

Landsteiner; N.A. (7) B. laclis aerogenes. A.T.C.; N.A. (8) B. prodigiosus 
(Scrralia marcescens). A.T.C.; N.A. (9) Klebsiella pneumoniae (Friedlander’s 
bacillus). From Dr. 0. T. Averj-; on dextrose agar (D.A.). (10) Neisseria catar- 

rhalis. A.T.C.; N.A. (11) Azotohacter beijerinckti. A.T.C.; on mannose agar 
(M.A.). (12) Azotobacier chroococcus. From United States Department of Agri- 

culture; M.A. (13) Rliizobium radicicola. From United States Department of 
Agriculture; M.A. (14) Diplococcus pneumoniae. From Dr. O. T. Aveiy; T 3 'pes 
I,n andinandrougbstrain;onserumagar,immuneserumagarandDA. (15) 
Streptococcus pyogenes. Two strains from A.T.C., one growing in long chains, the 
other showing short chains in smears but growing in staph 3 'lococcoid clumps and 
showing man 3 ’' irregular diphtheroid-Uke di\'isions; N.A. and D.A, (16) Staphylo- 
coccus aureus. From Dr. P. K. Olitsky; N.A. {Vi) Micrococcus luteus. A.T.C.; 
N.A. (IS) Sarcinalutea. A.T.C.;N.A. (19) Rhodococcus roscus. A.T.C.;NA. 

(20) Rhodococcus agilis. Laboratory' contaminant; N.A. (21) Corynebacterium 
pscudodiphthericum (C. hofmannii). From New York State Department of 
Health; N.A. (22) Corynebacterium pscudoltiberculosis murium. From New York 
State Department of Health; N.A. (23) A laboratory- contaminant which closely 
resembles the non-add-fast soil m 3 -cobacteria but is not identical with any de- 
scribed in D. H. Bergey, Slanual of determinati%-e bacteriology; NA.,, D.A. and 
G.A. 

Photographs have been made of several actinomyces, of non-add-fast soil bac- 
teria intermediate between them and the mycobacteria and of yeasts and endo- 
myces. These pictures bring out relationships to bacteria which will be described 
in a later paper. It is to be emphasized that some of the pictures already made are 
in a sense exploratory: they show that many kinds of bacteria can profitably be 
studied in microculture but they probably do not describe in full the modes of 
growth of all the bacteria to which they have been applied. 

The MultipHcalion cf Bacteria 

If the multiplication of bacteria is examined in the motion pictures, 
it is immediately ex-ident that the process of di\-ision is not always the 
same. Some bacteria provide perfect examples of transverse fission; 
some multiply by what may be called coccoid division; others by a 
budding or sprouting. For still others the division mechanism is 
something intermediate between these three e.xtremes. In fission, an 
organism elongates and then splits into two shorter rods; in coccoid 
division, a coccus swells more or less umformly as it grows and then 
breaks down, usually quite suddenly, into two smaller spheres; in 
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budding, a portion of the cell wall apparently ruptures, a small amount 
of protoplasm is extruded and develops into a new cell before being 
pinched off. Most simple bacteria divide exclusively by fission. 
Examples are members of the colon-tj^hoid group and both aerobic 
and anaerobic bacilli (Figs. 1-4, 5-7). Staphylococci furnish ideal 
illustrations of coccoid division (Figs. 8-11, 12-15). Budding is most 
often observed among the diphtheroids and the mycobacteria (Figs. 
21—24) which may in fact show all three modes of division. Some 
cocci, obviously related to the corynebacteria, di\dde at first by a 
sprouting that eventually is replaced by coccoid division (Figs. 30-33). 
During their period of most active growth the higher bacteria are long 
rods or even filaments. At this stage division is by fission or budding. 
In these, and many other, bacteria multiplication goes on unabated 
for some time after growth has slackened. As a result any filaments 
that may be present fractionate into rods which in turn become shorter 
and shorter (Figs. 25-27). Sometimes this division is prolonged until 
the original rods look like short chains of cocci (Figs. 28-29). Often 
indeed these short organisms round out into true spheres which when 
they resume growth on fresh medium do not at first fimction as rods. 
A few swell and divide several times by true coccoid division; more 
often they bud or sprout thin filaments that eventually develop into 
normal rods.^” 

Factors Responsible for Pleomorphism 

The factors which can be seen at work in determining the natural 
pleomorphism of these higher bacteria are the same ones which result 
in an induced pleomorphism of many simpler organisms. Two, the 
most important, may be defined by sa>nng (1) that bacteria can divide 
in more than one way and (2) that the rate of division can vary inde- 
pendently of the rate of growth. This growth rate, and perhaps also 
the rate of division, are strongly influenced by the kind and richness 
of the medium upon which the bacteria are living; it is therefore to 
be anticipated that the observed bacterial morphology will depend 
upon the medium used as well as upon the frequency with which the 
bacteria are transferred to fresh food material. Among the higher 

See the pictures of M. phlei reproduced as Figs. 12-14, 16-18 in the article 
by Wyckoff and Smithbum.'^ 
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bacteria frequent transplants on a rich medium stimulate greatly the 
growth rate without correspondingly accelerating the rate of division. 
Yoimg cultures thus produced commonly consist of comparatively 
long rods and even filaments with many branching forms. This stage 
of rapid growth is nearly or entirely suppressed if a poor medium is 
used or if transplants are made only at infrequent intervals. Under 
such circumstances the bacteria are all short rods which soon pass 
into the coccoid forms of old age. 

The pleomorphism of cocci, due mainly to resemblances to certain 
corjmebacteria, is to be ascribed to the operation of the first of the 
foregoing factors. Among the other simpler bacteria, shape of an 
uninjured organism is more dependent upon the ratio between the 
rate of growth and the rate of division. Some badhi always divide 
at their midpoints, gi\nng rise in this way to colonies that have or- 
ganisms very uniform in size. Some strains of colon-typhoid bacteria 
and of spore-bearing bacilli are examples (Figs. 1-4). Most rod- 
forming organisms are not so regular in shape; their actively growing 
cultures are a heterogeneous mass of long and short rods. 

Many spore formers (Figs. 34-36, 37, 40) and bacteria like B. 
Pyogenes (Figs. 38-39) and B. prodigiosus, show a natural pleomorphism 
of this tjqje. Very short rods, like N. calarrJialis (Figs. 41-42) and 
the rough pneumococcus (Fig. 55), are for the most part uniform in 
size but like most of these other bacteria, their old cells are smaller 
than those which are actively growing. The living elements in old 
bacterial cultures are not, however, alwa}-3 small cells. Thus the 
last dable bacteria in old broth cultures of B. shigae are filaments” 
which may grow to be several tenths of a millimeter long. VTatever 
the old age forms in a culture may be they alwa } 3 develop normally 
when planted on fresh medium. 

The shapes of many bacteria can be altered merely by changing the 
composition of the medium upon which they' are cultivated. For 
example the rods of B.jlexus (?), which are short and straight on ordi- 
nary nutrient agar become gnarled and twisted (Fig. 43) if glycerine is 
added to the medium. It is easy* to induce a pronounced pleomor- 
phism in many members of the colon-ty’phoid group of organisms. 
Forms of the dysentery bacillus (B. shigae) obtained by cultivating it 

” See Fig. 4 in the article by Wyckoff.' 
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in LiCl-containing and in other special media have already been de- 
scribed and pictured. In shape they resemble those seen amongst the 
higher bacteria but they occur not as youth and old age forms but as 
stages in the adaptation of the bacteria to a new and unaccustomed 
environment. ]\Iost of the swollen, distorted and macrococcoid cells 
that are common under such conditions have the appearance of being 
injured organisms; if moderately distorted they multiply ndth the 
ultimate production of normally shaped bacilli; if too swollen they 
disintegrate through rupture of their cell membranes. Similar bizarre 
forms are conmion in old cultures of many spore-bearing aerobes 
(Figs. 40, 44-45). Their motion pictures show that they are stages 
in the disintegration of normal rods. Though sometimes treated as 
examples of life cycle forms, their behawor in the films is that of 
grossly injured bacteria or of already dead bits of protoplasm. 

One of the most frequentl}’- discussed features of bacterial pleo- 
morplnsm is branching. Among the higher bacteria rapidly growing 
filaments may extrude protoplasm from several points along their 
lengths. These multiple branched structures are identical in appear- 
ance and general behavior with t}T5ical actinomycelial threads (Figs. 
23-27). The acid-fast mycobacteria usually branch only at one 
point of a rod, but the mechanism of this branching seems to differ 
in no essential way from that w^hich occurs along the filaments of the 
other higher bacteria (Figs. 46-53). Branching rods are frequent in 
rapidl)'’ growing smooth strains of the tubercle bacilli; they have been 
occasionally observed in microcultures of their rough dissociants. 
Forms that in both mode of production and subsequent behavior are 
not essentially different from these tubercle bacilli occur with other 
pleomorphic elements in cultures of B. sJiigac.^- 

Micro motion picture studies provide a convenient w'ay of deciding 
wliether the coccobacilli are more natural^ to be considered as short 
rods or as true cocci. Thus N. caiarrhalis di\Ides b}’’ elongation and 
fission and is obviously a short rod (Figs. 41-42). It is interesting 
that the different t}’pes of pneumococci, which also di%Ide by fission, 
rnn readily be distinguished in the pictures. Tj’pe I organisms break 
up into diplococci almost as soon as formed, those of T}q)e III produce 
streptococcoid chains (Fig. 56) that in young and frequentl}’’ trans- 

Cf. Figs. 8, 9, 15, 16, etc., in the article by Wyckoff.® 
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planted cultures are ver>" long. Any tendency towards splitting into 
diplococci manifests itself verj^ late. As might be expected Type 11 
is intermediate. It is evident that these differences as well as the 
distinctions that exist between streptococci, [staphylococci, sarcinae, 
etc. are determined in the main by whether the two bacteria resulting 
from a division are completely separated as soon as formed or whether 
this separation is effected only after further growth has taken place. 

Factors Influencing the Morphology of Colonies 

The manner of division is one of the most important factors in 
fixing the shape and general appearance of macroscopic bacterial 
colonies. The operation of this factor is clearly e\ndent in the motion 
pictures. In them four limiting tj'pes of colony growth must be dis- 
tinguished: (1) mucoid (or mucoid-smooth), (2) smooth (or non- 
mucoid-smooth), (3) rough and (4) convoluted. If an organism pro- 
duces a capsule (Figs. 54, 56) or a large amount of some viscous 
metabolic product (Figs. 46-53, 57), its colonies will be round, smooth 
on the surface and of a mucoid consistency; the other colony t}'pes are 
due to bacteria which do not produce such jelly-like exudates. If the 
bacteria are cocci or if the}’’ are rods which break apart cleanly when 
they di-vide (Figs. 5-7, 41, 42), they ordinarily -will develop rormd 
smooth colonies; if they are bacilli which tend to produce long fila- 
ments (Figs. 34-36, 37) or which give rise to long chains of organisms 
through incomplete separation after division, the resulting rough 
colonies vill reach out irregularly over the siuiace of the medium. If 
bacteria form tangled masses as they grow -with no tendency to spread 
over the medium their colonies -vs-ill be convoluted (Fig. 62). These 
heaped-up colonies which are t3-pical of the “rough” strains of the 
mycobacteria are irregular in outline like those which are truly rough 
but unlike them have no thin spreading edge. Rough colonies of 
many shapes result from the growth of such bacilli as B. sitUUis, B. 
megatherium and B. anthracis and from rough strains of colon-typhoid 
bacteria. The colonies of “rough” pneumococci, of A*, catarrhalis, of 
smooth B. shigac and of B. lactis acrogencs are U-picallj* non-mucoid- 
smooth. Alany organisms give mucoid colonies: some of the aerobic 
bacilli grown on a suitable medium, all the \irulent pneumococci, 
^^rulcnt I'ricdlandcr bacilli, the nitrogen-fLxing azotobacteria and 
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rhizobia and completely smooth strains of the mycobacteria, both 
acid-fast and non-acid-fast. The extracellular substance of some of 
these bacteria, like the pneumococci, stains as a definite capsule; of 
many others it does not. In the motion pictures capsulated organisms 
are to be distinguished from these others only by the fact that adja- 
cent cells never come into contact— not even after long continued 
growth. 


Concerning Bacterial Life Cycles 

Some bacteriologists have imagined that structures often to be 
seen within bacterial cells play a part in a more or less complicated 
life cycle of these organisms. Examination in microculture offers a 
means of following w^hat happens to these intracellular bodies. In no 
instance has there appeared ewdence of nuclear material. The most 
commonly occurring structures -within bacterial cells are dark appear- 
ing granules. Such granules commonly form at the ends of old rods 
of the colon-t}T)hoid group of bacteria.” Cells in -n^hich they are just 
beginning to appear will grow^, multiply and become internally homo- 
geneous if they are planted on fresh medium. No development has 
ever been seen in bacteria -uith full)’- formed polar granules nor do the 
granules when they are freed from these old cells give any evidence of 
being alive. Dark granules are niunerous in old filaments of such a 
bacillus as B. megatherium (Figs. 34-36). A cell containing a few'^ of 
them will usually grow and multipl)'^ on fresh medium. . In this case 
the granules distribute themselves irregularly among the daughter 
cells which are other-wise perfectly homogeneous in appearance. If 
an old cell contains many of these granules it usually does not develop 
on fresh medium. Instead, it disintegrates, its membrane ruptures 
and the granules float away. Photographs made of them in this free 
state have given no reason to believe that they are alive. ]\Iany old 
mycobacterial rods are beaded. Slightly beaded rods become homo- 
geneous again and grow normally on fresh medium; those -w'hich are 
strongly beaded have never sho-wm e-vidence of being alive though they 
often rupture and free their granules. Much effort has been expended 
in attempting to prove that the azotobacterium (Figs. 58-62) has a 


See Fig. 4 in the article by WAckoff.® 
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complicated life cycle.« Old cells of tHs organism, wHch grows ordi- 
narily as a large oval coccoid body, are shrunken and contain many 
dark granules {B of Fig. 58). In their formation and subsequent 
history these old cells resemble the “resistant cells” of some yeasts. 
Planted on fresh medium they swell into normal cocci in which the 
granules are floating. The subsequent behavior of these granules is 
the same as in B. megaihemm, the protoplasm of most of the daughter 
cells being entirely structureless. Because of the importance which 
has been attached to this organism in discussions of bacterial life 
cycles, a number of attempts have been made to reproduce its de- 
scribed pleomorphism. On certain plate cultures rod-Uke forms have 
been found, apparently identical with air contaminants which grow 
luxuriantly on mannose media; aside from the development of its 
resistant forms, the azotobacterium itself was never pleomorphic. 

The only other structures observed within bacteria have been seen 
in injured and disintegrating cells. Old bacilli having fragile mem- 
branes (Figs. 44-45) and bacteria which are swollen through the action 
of LiCl or other reagents often vacuolate before they burst. Some of 
these bacteria also contain irregular granular masses that appear to 
be bits of coagulated protoplasm. WTien their cells rupture, this 
coagulated material is commonly extruded and can be seen free in the 
medium. Nothing in its subsequent behavior in the motion pictures 
suggests that it is living. Very' possibly this cell debris is to be identi- 
fied with the s>Tnplastic stage of the bacterial life cycles. 

SUMMARY 

Using a micro motion picture technique for making records, studies 
covering several thousand hours of observation have been made of the 
growth of a number of bacteria. On the basis of these experiments a 
discussion is offered of bacterial di\ision and its influence on gross 
colony appearance, of different kinds of pleomorphism that have been 
obser\'ed, and of the nature of the internal structure that is seen in 
some bacteria. Several of the microorganisms chosen for e.xamina- 
tion are ones that have been thought to give e\-idence of life cycle 
phenomena. The present pictures, however, contain no e\-idence of a 
bacterial cj-cle in the commonly accepted meaning of the term. 

“ Lohnis, F., Mcv:. .Vo.'. Acad. Sc., 1921, 16, 1, 2nd memoir. 
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EXPLANATION OF PLATES 
Plate 25 

Magnification, 780 X. 

Figs. 1-4. The development of a microcolon}’- of a spore-bearing aerobe {B. 
JIcc^us (?)) which normally splits b}'- fission into bacilli of approximately equal size. 
Shortly after Fig. 4 was made all tlie bacteria suddenly became motile; after about 
2 hours tills motility quite as suddenly ceased. 

Figs. 5-7. Stages in the development of a microcolony of B. laclis acrogcncs. 
This organism offers a perfect example of multiplication by fission. As the ap- 
pearance of the microcolony of Fig. 7 suggests, tlie visible colonies are smooth 
(non-mucoid-smooth) in type. 

Figs. 8-11. Growtli of Staphylococcus aureus in a heavily seeded microprepara- 
tion. Coccoid division is well illustrated by the groups A in Figs. 8 and 9 and B 
in Figs. 9-11. The swelling tliat precedes splitting is especially evident in .4. 

Figs. 12-15. Details of the first two divisions in the development of a micro- 
colony of Micrococcus lulcus. Coccoid division in this organism gives rise to 
bacteria of unequal size. 

Plate 26 

Magnification, 780 X. 

Figs. 16-20. Stages in the growth of a microcolony of Streptococcus pyogenes. 
The organism A of Figs. 16 and 1 7 multiplies by true coccoid division. Man}’ bac- 
teria in the chains of Figs. 19 and 20 elongate and split by a process that is essen- 
tially fission. 

Figs. 21-24. The development of a microcolony of a non-acid-fast mycobac- 
terium (Culture 23). The old coccoid elements of Fig. 21 sprout into filaments 
which in Figs. 23 and 24 show many branches budding from them. 

Figs. 25-27. Another growth of the same organism showing how the long 
branched filaments formed during the most active growth break up into rods as 
this stage passes. 

Figs. 28-29. The old coccoid forms of Fig. 29 arise by successive division from 
the rods of the preceding figure. 

Figs. 30-33. First divisions in the growth of a strain of Streptococcus pyogenes. 
The sprouting and incomplete parting of the bacteria A are like those seen among 
the corynebacteria. Somewhat later all divisions were typically coccoid. 

Plate 27 

Magnification, 780 X. 

Figs. 34-36. Bacilli from an old culture of B. megatherium. Most of tlie rapidly 
growing bacilli are long and filamentous. The very granular cells on the left 
of Fig. 34 did not develop nor did the granules freed from A. 

Fig. 37. Rods and filaments of a B. suhtitis-Iike spore-bearing aerobe. Extra- 
cellular granules like those at B have sometimes been described as examples of life 
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c\"de forms. Followed by the camera they have never given evidence of bdng 
alive. 

Figs. 38-39. Development of a microcolony of B. pyocyanetis. Fig. 39 illus- 
trates the wide variations in size of this organism. Contained within the bac- 
terial mass of Fig. 39 are many long filamentous forms. This figure shows the 
geometrical pattern of which they form the groundwork and which is apparent in 
microcolonies of the two other pseudomonades that have been photographed. At 
the time these pictures were made the bacteria had pronounced motilitj' with 
much drilling back and forth of single organisms. 

Fig. 40. Pleomorphic bacteria in a growth of a strain of B. suhtilis showing 
swollen forms (A), rounded bits of protoplasm extruded from ruptured cells {B) 
and terminal coed (C). All these aberrant forms behave as if they were dead or 
were parts of degenerating cells. 

Fig. 41. An early stage in the development of a microcolony of N. calarThalis. 

Fig. 42. The colon}- of Fig. 41 after further growth. The mdiddual cells have 
become much smaller in size. 

Fig. 43. Badlli of B. fiexus (?) cultivated on a glycerinated medium. These 
curled organisms are to be contrasted with the uniform straight rods on nutrient 
agar (c/. Figs. 1-4). 


Plate 28 


Magnification, 780 X. 

Figs. 44-45. Disintegration forms appearing in a culture of B. sublilis. Alany 
of the faint rods of Fig. 45 are produced by the rupture of dark rods in the preced- 
ing picture. The spherical forms (“macrocoed") are masses of protoplasm ex- 
truded by these d 3 -ing or dead cells. The motion pictures illustrate all stages in 
the production of such a sphere B from the rupture of the long rod A. 

Figs. 46-53. Steps in the devdopment of a microcolony of a ver\- mucoid 
strain of the frog bacillus, Mycobacterium ranae. The bacterium at A multiplies 
by repeated branching. As in the succeeding pictures of mucoid growth the 
bacteria are hdd apart, cither singly or in chains, by the voluminous and \-iscous 
products of their metabolism. 

Fig. 54. A 24 hour growth of smooth T>-pe II pneumocoed. The effect of 
the capsule in holding the bacterial chains apart from one another is eddent. 

Fig. 55. A microcolony of a rough strain of pneumocoed. Deprived of their 
capsular material, these bacteria lie dosdy packed together. 

Fig. 56. A young growth from a frequently transplanted strain of smooth 
Tj-pc III pneumococci. The wide separation of the bacterial chains corresponds 
to the c-xtreme mucosity of their growth. .As the culture ages these strepto- 
coccoid chains become shorter and eventually are packed doser together. 

Fig. 5 1 , a microcolony of the vciy mucoid R):izobium rcdicicria. The jellv- 
likc substance in which the indiddual bacteria lie imbedded is dearly eddent. 

Figs. SS-61. A growth of Azaicbacicr brijcrir.cUi. The cham of diplococd .4 



392 


BACTERIAL GROWTH AND MULTIPLICATION 


of Fig. 61 arises from the pair A' of Fig. 58. The “resistant” cells B of Fig. 
develop again into normal vegetative forms {B' of Fig. 61). The grannies in 
do not multiply. 

Fig. 62. An advanced growth of a “rough” strain of the turtle bacillus, ii/j 
bacterium chchuci. This picture suggests the way in whicli the heaped-up c( 
nies of the typically convoluted mycobacterium result from a packing togethei 
long strands of intertwined bacilli. 
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THE FILTERING CAPACITY OF LY]MPH NODES 

Bv CECIL K. DRINKER, M.D., ^LVDELECCE E. FIELD, Ph.D., antj HUGH K. 

WARD, M.D. 

{From the Department of Physiology, The Harvard School of Public Health, and the 
Department of Bacteriology, The Harvard Medical School, Boston) 

Plates 29 asb 30 

(Received for pubUcation, December 20, 1933) 

Lymph nodes have two ob\dous functions, the production of certain 
cells and the arrest of foreign material brought to them by the hanph. 
The second of these functions, that is, the filtering capacity of the 
nodes, has been the subject of a large amount of indirect experiment 
and speculation. It would be unprofitable and entirely repetitive to 
describe this work in ^^ew of the excellent re\dews of Heilman (1) and 
Oeller (2). 

The nodes are held to pro\dde two sorts of filtration, the first of 
simple mechanical tj^ie and the second biological — due particularly 
to the phagocA-tic actiA-ity of the reticulo-endothelial cells. Opinions 
as to the combined efficiency of these two tA-pes — normal nodes alone 
being under consideration — A^ary from assertions of complete effectiA*e- 
ness to A'ery much the reA-erse. 

As a result of a great deal of e.xperience A\-ith the hmiphatics in the 
hind leg of the dog, it became relatiA'ely simple for us to perfuse the 
popliteal and iliac hanph nodes under conditions of pressure and flow 
normal for the animal and with the blood circulation completely intact. 
Prior to a description of tA-pical e.xpenments it AA-ill be well to reAueAv 
the architecture of a lATnph gland, such as the popliteal node of the 
dog. together AA-ith Avhat is knoAA-n of the normal flow of hmph 
through it. 

Text-fig. 1 is a draAving of a popliteal node injected AA-ith a dilute 
solution of India ink. The injection mass has been deliA-ered through 
a cannula in one of the large trunks along the saphena parA-a A-ein. 
The injection pressure Avas 20 mm. of mercury. This is less than the 
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pressure which can be developed in the same vessel wJien the muscles 
of the leg are stimulated electrically. The injection enters the node 
through a number of afferent trunks which pierce the capsule obliquely 
and open into the marginal or cortical sinus. This sinus is not a 
c lannel but is a large bowl-shaped lake, bounded upon the outside by 



Text-Fig. 1. Camera lucida drawing of a section of tlie popliteal lymph node 
of a dog injected through the afferent lymphatics with a dilute suspension of 
India ink. A, cortical sinus; B, intermediate sinus; C, afferent lymphatics in 
the capsule; D, lymphocytes. X 9. 

the capsule of the node and on the inside by the ]3miphoc3Tic paren- 
ch3mia. The lake is traversed b3'- fibrous trabeculae and blood ves- 
sels and, like all the sinuses, is crossed and recrossed b3’- a fine mesh 
of reticulum most important for the filtering function of the node. 
From the cortical sinus irregular but numerous cleft-like channels, 
the intermediar3'’ sinuses, pass between the masses of 13'mphoid tissue 





C. K. DRIKKER, M. E. MELD, AND H. K. WARD 395 

toward the hilus of the gland, where they unite with the cortical sinus 
to form the efferent Ijunph vessel. It is a fortunate circumstance for 
our experiments that this vessel is usually single at. the hilus, thus 
permitting complete collection of all the l>Tnph passing through the 
node. 

The architecture of the sinuses has a very direct relation to the 
filtering capacity of the node. Not only are they crossed and recrossed 
by the reticulum, but their walls are incomplete wherever IjTnphocjdic 
growth is active (Drinker, Wislocki, and Field (3)). This means that 
at many points, particularly upon the inner surface of the cortical 
sinus, the l}Tnph may run out into the Ijunphoid tissue. 

Nordmann (4), as a result of study of sections of nodes, arrived at 
the conclusion that Ijunph traverses a node in three waj-s. IMost of 
it reaches the efferent vessel without leawng the marginal sinus. A 
second fraction, much smaller, finds its waj* via the intermediarj’^ 
sinuses, and a third, very small part, drifts from the marginal sinus 
into the Ijmiphoid tissue and finds its way back into the main stream 
either by rejoining the marginal sinus or by reaching an intermediarj’- 
sinus. Maximow (5) adds another possibility, which we have not 
encountered; namely, an occasional endothelium-lined hunphatic 
which goes directly through the node. Such atj-pical vessels must be 
verj' infrequent and represent survivals of embryonic h-mphatics 
which have remained free of Ijanphoid tissue. 

In Text-fig. 1, the black injection mass fills the cortical sinus and is 
deposited upon the walls and reticulum of the intermediarA’- sinuses. 
The masses of Ivanphoid tissue are but slightly penetrated by the ink, 
but the barrier to the entrance of the injection resides in the density 
of the h-mphocytic accumulations rather than in an intact sinus wall. 

Text-fig. 2 is a drawing of the iliac l>-mph node taken from the groin 
of the dog which provaded the popliteal node seen in Te.xt-fig. 1. The 
ink reaching the iliac node is that which passed through the popliteal 
node. It is clear that the marginal sinus is not entirely filled and that 
the ink has flowed into many intermediary sinuses. As a result of 
numerous injections it is our opinion that Kmph entering the marginal 
sinus flows as readily through the intermediarv sinuses as it does 
through the cortical sinus. The entire arrangement, from the point 
of view of mechanics, is e.xcellent for filtration. Lvmph flowing in 
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through a number of narrow cliannels, and under a very deiinite head 
of pressure, finds itself in a huge space willi an enormous number of 
wide and irregular paths which lead to the hilus vessel. The flow is 
instantly slowed and the driving head of pressure practically lost. 
Not only are the sinuses in the node a perfect settling chamber, but 



Text-Fig. 2. Camera lucida drawing of a section of the iliac lymph node taken 
from the dog which provided the popliteal node of Text-fig. 1. -1, cortical sinus; 
B, intermediate sinus. X In. 


the reticulum xvhich the}" contain furnishes a multitude of baffles 
which again slow lymph flow and make it easy for the phagocytic cells 
composing the reticulum to perform their function. 

EX'PERIMENTS 

It is difficult to perfuse lymph nodes in rabbits and cats. One can collect small 
amounts of fluid from afTercnt and efferent vessels, but a steady experiment run- 
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ning over some hours is a hard task. In dogs the diameter and toughness of the 
vessels which must be cannulated, and the large size of the popliteal node, make 
the problem quite simple. 

Two varieties of preparation bave been employed, in both instances using 
dogs anesthetized with nembutal. In the first, after a subcutaneous injection 
of 2 per cent trypan blue in the foot, an incision is made at the lower end of the 
popliteal space. This discloses the afferent Ijunphatics. A small quartz catmula 
is tied in a single branch about S cm. below the node. .All other afferents at the 
same level are ligated. The cannula is then filled with dilute tiypan blue in 
physiological saline, and this is driven into the gland under low pressure. The 
incision is now carried up the leg and the popliteal Ij-mph node uncovered. The 
efferent l}-mphatic is deeply embedded in fat and lies at the upper end of the node. 
Unfortunately, it is usuallj- upon the anterior surface of the node and correspond- 
inglj- awkward to cannulate. WTien both cannulas are in place the afferent line 
is filled with perfusate and coimected to a small graduated reservoir containing the 
balance of the perfusing fluid. A constant head of pressure is pro\ided by a small 
colutim of mercury' adjusted by means of a levelling bulb. 

In such a preparation as this, the lymph flow through the node is entirely 
isolated and one gets a volume of fluid from the efferent K-mphatic which soon 
becomes equal to that delivered to the afferent vessel. The blood circulation 
need suffer no interference whatsoever. 

In the second tj-pe of preparation the afferent hunphatic has been cannulated 
in exactly the same way. The thoracic and right lymphatic ducts were then 
isolated and the former cannulated. In order to make direct entrance of lymph 
into the circulation impossible, the precaution was taken to tie both subclavian 
veins central to the points of Ij-mphatic entrance. In an anhnal so prepared, one 
has in the thoracic duct Ij-mph a representation of what may reach the circulation 
after traversing the popliteal and iliac lymph nodes and the entire length of the 
thoracic duct. 

As perfusion fluid, heparinized plasma from the dog employed in the experiment 
was usually the basic fluid. This was dfluted with physiological salt solution 
until the protein content was approximately 1.0 per cent. To such artificial 
lymph, %\'ashed red corpuscles were added so as to give a count of approximately 
25,000 per c.mm. This is a reasonably normal lymph, containing red cells from 
the dog under e.xpetiment as the particles to be filtered out. In a slow, non- 
pulsatile perfusion it is necessary to equip the perfusion reservoir with a stirring 
dc\ice in order to prevent sedimentation of red cells. 1 X 1100 hemolytic strepto- 
cocci were used as particles, they were grown in a mixture of broth and 20 per cent 
dog scrum, or in dog serum alone. In certain c-xperiments the culture was em- 
ploy cd as perfusate without dilution; this being done to gain a graphic expression 
of the sites of arrest of the organism in the node and also to see whether, in the 
prt^cncc of great numbers of coed, the organisms could be found in blood capil- 
laries within the perfused gland. Mlicn cultures were diluted with physiological 
saline, die final mixture contained approximately 1 percent of dog serum protein. 
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Two strains of hemotytic streptococci were employed. One of these, known 
Streptococcus 1, was isolated from a humtin case and was highly virulent formic 
but caused no reaction in normal dogs when injected into the blood stream, in 
the lymph stream, and subcutaneouslj'. The second strain. Streptococcus 2, w, 
isolated from edema fluid collected from the leg of a dog in which the lymphati 
had been completely obliterated. This animal had had eight attacks of chD 
and fever similar clinically to those occurring in human beings with lymphedeir 
and elephantiasis. Earl}’- in these attacks, which occurred spontaneously, 
streptococcus was invariably present. This organism causes a brief period < 
fever when large amounts of culture are injected subcutaneousl}’ in normal dog 
and a severe febrile reaction when injected into tlie lymphedematous leg of a do 
with tymphatic obstruction. The organism is non-virulent for mice. So far a 
filtration was concerned, no differences between the two organisms were notec 
and the experiments cited are all concerned with Streptococcus 1. 

Experiment 1. Dog, Weight 193 Kilos . — Perfusion of the popliteal node wifi 
red cells from the dog used in the experiment. These cells were suspended in th 
dog’s own heparinized plasma diluted witli physiological saline to contain l.Oi 
per cent protein. Red cell count in the perfusate 26,400 per c.mm. Perfusioi 
pressures 16 to 20 mm. Hg. In 2 hours and 5 minutes, 9 cc. of perfusate ran in 
and 7.6 cc. were collected from the cannula in the efferent lymphatic. The tota 
effluent was collected as 13 separate specimens. Of this number, 9 contained n< 
red cells. 3 contained 200 red cells per c.mm., and 1 contained 400 red cells pei 
c.mm. Filtration has been fairl}'^ complete. If in such an e.xperiment the nodt 
is massaged, even ver}'- gently, tlie effluent at once contains red cells in large 
numbers. 

On microscopic section, red cells were found in both cortical and 
intermediate sinuses, but were most numerous in the latter, hfany 
were phagocytized by reticulo-endothelial elements, but the greater 
number lay in closely packed masses scattered through the reticular 
meshwork of the intermediate sinuses. 

Experiment 2. Dog, Weight 1S.7 Kilos . — Perfusion of the popliteal node 
with an undiluted serum-broth culture of Streptococcus 1. Culture contained 
600,000,000 colonies per cc. Perfusion pressure 34 mm. Hg. In 1 hour and 20 
minutes, 5 cc. of the culture ran into the node and were collected from the efferent 
lymphatic. Cultures of the entire effluent showed 4,500,000 colonies per cc. 
Filtration was 99 per cent complete. 

Fig. 1 is a camera lucida drawing of a section of this popliteal node. 
Part of the cortical sinus is seen just beneath the capsule in the right 
side of the illustration. The black material in this sinus, and in the 
Y-shaped intermediary sinus, consists of masses of streptococci both 
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free and attached to cells. Fig. 2 shows part of the marginal sinus 
just above a dense collection of Ijmaphocytes into which the organisms 
have not penetrated. This last is not invariably the case. Regions 
were found where the Ijunphocytes were quite solidly packed, but 
here and there large mononuclear or, occasionally, pclj-morphonudear 
cells containing cocci were seen. Fig. 2 is a higher magnification of 
part of the cortical sinus. WTien a gland is given such huge dosage 
as was the case in this experiment, blood cultures occasionally become 
positive, and this when the precaution has been taken to tie the 
thoracic and right Ijmiphatic ducts and both subclavian veins. The 
e.xplanation apparently resides in the migration into blood capillaries 
in the node of phagoc}i;es containing streptococci which are still 
capable of growing. Fig. 3 shows a capillary in the loose tissue just 
outside the capsule of the perfused node of Experiment 2. In addition 
to red cells, it contains 9 white cells containing microorganisms. 
Schulze (6) has summarized the literature and produced experiments 
to the effect that the capillaries in Ij-mph nodes possess walls which 
are not solid, so that there is a direct communication between the 
blood and l}Tnph. If this were true, microorganisms might enter blood 
capillaries in nodes, pro\dded some force could be found which woxild 
develop a current into the capillaries. In the spleen, such a force is 
supplied by the smooth muscle in the capsule and trabeculae. The 
pulsations of the organ drive fluid and cells back into the circulation, 
the latticed splenic capillaries being easy to enter. We have been 
unable to produce contraction of the popliteal Ij-mph node in the dog, 
nor have we fovmd smooth muscle in the capsule or trabeculae. If a 
node is perfused too ^^gorously, or if the outflow is obstructed, swelling 
is readily produced and on removal of the cause goes away slowly; 
not as would be the case if smooth muscle contracted, but as a gradual 
return e.xpressing a poor degree of elasticity. 

It is not eas\' to see just how a UTnph node could retain structmal 
integritj' if it possessed open blood capillaries and no power of rh 3 'thmic 
contraction which might be counted upon to drive plasma and cells 
back into the blood vessels and clear the node of the excess transudate 
which must steadily accumulate. Furthermore, if the capillaries in 
the popliteal node arc open, then hmph collected from afferent vessels 
ought to contain much less protein than that from the efferent side. 
This is not the case. Protein concentrations are identical . 
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Apparently the vascular system in the popliteal node is closed and 
ameboid activity is essential for entrance. This may not be the case 
with other nodes in the dog, and between different animals wide varia- 
tions may exist. The subject is of real importance, since open capil- 
laries in certain groups of nodes might account for high lymph protein, 
a finding often hard to explain on the basis of water absorption alone. 

Expcrhnmi 3. Dog, Weight 21.2 Kilos. — Perfusion of the popliteal node with 
a diluted dog serum-broth culture of Streptococcus 1. Organism an 18 hour 
culture. Dog serum obtained from the animal used in the experiment. Per- 
fusate contained 1.08 per cent serum protein. At the start of the experiment the 
perfusate contained 5,000,000 colonies per cc., and at the close 30,000,000 colonies. 
This multiplication is unavoidable under the conditions of warmth which must 
obtain during the experiment. 

Afferent and efferent vessels of the right popliteal node cannulated in the usual 
wa)', and connection with the perfusion apparatus established. In order to be 
certain that the gland was entirely isolated tlie thoracic duct \Yas cannulated 
and all b'^mphatic entrances into the right and left subclavian veins were tied. 
Perfusion pressures 20 to 30 mm. Hg. In 1 hour and IS minutes, 7 cc. of per- 
fusate ran into the node, and 6.1 cc. w'ere collected from tlie efferent lymphatic. 
The results as regards filtration are e.xpressed in Table I. No e.xplanation can be 
given for the sterility of tlie last specimen of effluent. In this instance the blood 
remained sterile and no organisms were found in the thoracic duct lymph. 

On microscopic section the node seems to have been slightl}’’ stretched and 
edematous. Organisms can be found only after long searcli and alwa 3 ''s attached 
to endothelial cells in the reticular framew'ork of the cortical sinus. 

Experiment 4. Dog, Weight 21 Kilos. — Perfusion of tlie popliteal node with 
a diluted culture of Streptococcus 1. Organism an IS hour serura-brotli culture. 
Serum obtained from the animal used in tlie e.xperiment. Perfusate contained 
1.4 per cent protein. At the start of the experiment tlie perfusate contained 
300,000 colonies per cc.; at the close, 500,000 cc. 

Preparation the same as in Experiment 3. Perfusion pressures 14 to 24 mm. 
Hg. During 60 minutes, 10.2 cc. of perfusate ran into the gland and 9.6 were 
recovered. The results as regards filtration are given in Table II. 

When removed, the node did not appear distended, but on microscopic e-xamina- 
tion the sinuses were possibly overwide. Organisms were found on reticular 
strands and in the endothelial cells of the reticulum. 

Experiment 5. Dog, Weight 23.5 Perfusion of tlie popliteal and iliac 

lymph nodes with an undiluted serum culture of Streptococcus 1. Organism a 
li hour culture in serum taken from the animal used in the e.xperiment. At the 
finish of the perfusion the perfusate contained 250,000,000 colonies per cc. Pc*" 
fusion pressures 20 to 40 mm. Hg. 

The right lymphatic entrances into the subclavian vein were tied. The thoracic 
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duct was cannulated in the neck and all l>Tnph excluded from veins on the left side. 
As a final precaution the subdavdan veins were tied central to the observed hun- 
phatic entrances. The afferent l 5 Tnphatic of the left popliteal node was cannu- 
lated in the usual way. Efferent vessels of the node were untouched. This 
experiment utilized Preparation 2, and was designed to indicate the degree of 
filtration accomplished by two nodes, together with the possible settling effect 


TABLE I 


Perfusion Flow and Figures for Fillralion of Streptococci in Experiment 3 


Tune 

Perfuaon inflow 

Perfusion inflow 
per min. 

Perfusion outflow 

Colonies per cc. 

min. 


mOm 



0-16 




Sterile in 0.4 cc. 

16-36 


BBH 


100 colonies per cc. 

36-57 

2.0 


1.8 

2500 colonies per cc. 

57-78 

1.0 


1.0 

Sterile in 0.4 cc. 


Perfusate at start 5,000,000 colonies per cc. 

Perfusate at finish 30,000,000 colonies per cc. 

Thoracic duct Ijunph after 46 minutes perfusion of node, sterile in 0.4 cc. 
Blood cultures taken after 4, 48, and 75 minutes of perfusion, all sterile. 

TABLE n 


Perfusion Flow and Figures for Filtration of Streptococci in Fixperimcnl 4 


Time 

Perfusion inflow 

Perfusion inflow 
per min. 

Perfusion outflow 

Coionies per cc. 

min. 

cc. 

cc. 

u. 


0-15 

1.7 


1.7 

15,000 

15-30 

2.7 


2.3 

30,000 

30-45 

3.1 


2.9 

60,000 

45-60 

2.7 

0.18 

2.7 

120,000 


Perfusate at start contained 300,000 colonies per cc. 

Perfusate at finish contained 500,000 colonies per cc. 

Thoracic duct Ijunph after 27 and 64 minutes of perfusion, sterile. 

Blood culture taken after 68 minutes of perfusion, sterile. 

which might occur in the long flow through the thoradc duct. The results are 
summarized in Table III. In this case few organisms reached the thoracic duct, 
and even if the duct had been allowed to empty into the subda\-ian vein it is 
doubtful whether positive blood cultures would have been obtained. 

At the dose of the c.xpcriment, 3 cc. of 2 per cent trypan blue were sent in 
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through, the perfusion cannula. This blue appeared proinptiv in the thoracic 
duct lymph. Both the popliteal and iliac nodes ivere deeply and uniformly 
stained, and neither showed evidence of edema either grossly or microscopicall}'. 

On section of the popliteal node, occasional organisms .were found free in the 
cortical sinus. Most of them were attached to cells, frequentl}'^ to polymorpho- 
nuclear leucocytes which were numerous all through the node sinuses. The large 
reticular cells were seen in the dense groups of lymphoc 3 'tes. The iliac node 
showed a large number of pob^morphonuclear leucocytes in the sinuses, particu- 
larly at tlie peripherj’' of the node, but on long search no cocci were found. 


TABLE III 

Pcrfmioii FIoiu and Figures for Filtration of Streptococci in Experiment 5 


Time 

Perfusion 

inflow 

Perfusion 
inflow 
per min. 

Thoracic duct Ijunph 

Colonies per cc. 

min. 

11.40 a.m. 

CC, 

CC. \ 

1 

Control specimen sterile in 1.0 cc. 

0-13 

2.8 

mSm 

Sterile in 1.0 cc. 

13-29 

3.0 

WSm 

Sterile in 1.0 cc. 

29-43 

2.0 

0.14 

Sterile in 1.0 cc. 

43-56 

2.0 

0.15 

Sterile in 1.0 cc. 

56-71 

2.0 

0.14 

Sterile in 1 drop. Streptococci found in 1 cc. 

71-88 

2.2 

0.13 

Sterile in 1 drop. Streptococci found in 1 cc. 


Blood cultures, taken before perfusion and 25, 41, 73, and 89 minutes after 
perfusion, were sterile. At the finish of the perfusion tlie perfusate contained 
250,000,000 colonies per cc. 


In this instance, in which thoracic duct Ijonph is used to indicate 
filtration, it is clear that a high degree of efficiency has been obtained. 

Experiment 6. Dog, Weight 24.5 Kilos. — ^Experiment in everj'’ way similar 
to Experiment 5, except that a higher perfusion pressure was used, 40 to 50 mm. 
Hg instead of 20 to 40 mm. Hg. The results are summarized in Table IV. The 
perfusion at the close of the experiment contained 300,000,000 colonies per cc. 

In this case filtration has not been so successful, due in all proba- 
bility to the increased pressure and uniformly higher rate of flow. On 
removal, the popliteal and iliac lymph nodes were not distended. The 
cortical sinus of the popliteal node contains many cocci and these are 
found through the intermediate sinuses all the way to the hilum of the 
gland. Many of the organisms are free. About an equal number are 
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attached to reticular strands or polymorphonuclear leucocytes. Cocci 
can be found in capillaries both free and in phagoc}i;es. The iliac 
node shows many organisms, almost as heavy a load as in the popliteal 
gland, and in the same situations. 

In this perfusion the first node was e\ddently quite inadequate, 
but the second in the line has been fairly successful in blocking the 
organisms and this in the face of a rapid flow of a perfusate heavily 
loaded with streptococci. 


TABLE rv 


Perfusion Flow and Figures for Filtration of Streptococci in Experiment 6 


Time 

Perfusion inflow 

Perfusion inflow 
per min. 

Tborudc duct lympli 

Colonies per cc. 

mitt. 

cc. 

cc. 


12.59 p.m. j 



Control specimen sterile in 1.0 cc. 

0-15 

3.3 

wssm 

SterOe in 1.0 cc. 

15-30 

2.9 


60 colonies per cc. 

30-43 

3.1 

0.20 

1,000,000 colonies per cc. 


A final thoracic duct IjTnph specimen, taken 15 minutes after ceasing perfusion, 
contained 7,000,000 colonies per cc. Blood cultures, taken 20, 41, 55, and 70 
minutes after perfusion began, were sterile. A final culture at 82 minutes showed 
streptococci. At the finish of the perfusion the perfusate contained 300,000,000 
colonies per cc. 

DISCUSSION 

Several points are of importance in considering the actual signifi- 
cance of these experiments. It has been shown that the large afferent 
Ijmphatics in the leg of the dog will support pressures as high as 81.0 
mm. Hg (Field, Drinker, and WTiite (7)). Such pressures as this were 
obtained as a result of sterile inflammation of the foot. In an afferent 
hunphatic just below the popliteal gland, one of the vessels utilized in 
our perfusion experiments, pressures of 50 mm. Hg have been observ^ed 
during repeated passive motion of the foot. It is thus clear that in 
normal animals moring about activel}', h-mph pressures equalling 
those in our perfusions may occur. iMcasurements of the flow of 
l>'mph from an afferent hmphatic below the popliteal node in walking 
and running dogs (\Miite, Field, and Drinker (8) and Weech, Goettsch, 
and Reeves (9)) show that such rales of flow as have been used in our 
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perfusions are not abnormal. In a quiescent dog the flow of I}nnph 
from such vessels soon becomes negligible and the lymph pressure falls 
to zero. If one considers the degree to which lymph nodes might 
filter organisms under actual conditions of disease, it is apparent that 
they would be subjected to a much less severe task than that imposed 
by our experiments. Given a cellulitis of the foot, the dog is ordinarily 
quiet and a heavy flow of lymph would not occur until swelling became 
extreme. It is also certain that lymph nodes in actual disease would 
rarely be confronted vdth such a deluge of organisms as has been placed 
directly in the lymphatics in our experiments. 

The perfusions cited m this paper are typical examples of thirty-five 
experiments. They indicate that lymph nodes, even under extreme 
conditions, possess a high degree of filtering efficiency. Efforts were 
made to determine how far this is mechanical and how far biological. 
Streptococcus 1, grown on serum-broth in an 18 hour culture, was not 
encapsulated. When grown in dog serum for hours, capsules were 
apparently present. In this second condition the cocci were less 
readily phagocytized by the dog’s leucocytes, but perfusion of both 
types of organism showed no certain differences, though such an 
experiment as that summarized in Table IV does indicate a rather 
large escape of an encapsulated organism which was compelled to drift 
through two nodes. 

There is a final point of general interest upon which these experi- 
ments throw possible light. It has long been a question as to whether 
lymph leaving a region of subcutaneous drainage can reach the blood 
stream without passing through a lymph node. In such experiments 
as Nos. 5 and 6 — and eight of these were made — the thoracic duct 
l 3 Tnph never showed an immediate deluge of cocci such as might be 
expected if nodes were short-circuited by vessels passing around them. 
Apparently l 3 Tnph from peripheral regions does not reach the blood 
until at least a single node has been passed. This may not be in- 
variable, but certainly in our experience it was the rule. 

Finally, our facilities for work have not permitted us to test the 
filtration of microfilariae. Judging from the results with red cells, 
where filtration is complete, such large elements as the filanae 
would have great difficulty in passage. It is our hope that this 
paper may cause workers in the tropics to try such an experiment. 
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SUMMARY , 

In anesthetized dogs the popliteal lymph node alone, and the poplit- 
eal and iliac lymph nodes in series, have been perfused with solutions 
containing dog erythrocytes and streptococci. The perfusions have 
been carried out under conditions of lymph flow and pressure within 
the limits of those occurring in the actively moving dog, or after a 
severe degree of inflammatory swelling has developed. Figures for 
filtration are given, with protocols of typical experiments. They 
indicate that normal Ijrmph nodes possess a high degree of filtering 
efficiency — an efficiency so great as to make it fairly certain that in a 
part kept at rest early in an infection, practical!}’’ no microorganisms 
would escape the nodes in the line of drainage. 
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EXPLANATION OF PL.ATES 
Plate 29 

Fig. 1. Camera lucida drawing of a section of the popliteal l>Tnph node perfused 
with a serum-broth culture of Streptococcus 1 in Esperiment 2. .A portion of the 
capsule of the node is seen on the right. Dark masses are streptococci caught 
in the sinuses of the node. Gram-Weigert sUin. X 139. 

Plate 30 

Fig. 2. Camera ludda drawing of a part of the cortical sinus in the popliteal 
node of Experiment 2. Gram-Weigert stain. X 683. 

^ Fig. 3. Camera ludda drawing of a capillary from the node of Experiment 2. 
Note the phagorytes containing microorganisms. Gram-Weigert stain. X 1300. 
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I. CHOLESTEROL AND CHOLESTEROL ESTERS IN 
DOG BILE 

Quakxitative Methods 
Bv ANGUS WTUGHT, il.D. 

{From the Beparlmenl of Pathology, The UnkcrsUy of Rochester School of Medicine 
and Dentistry, Rochester, N. F.) 

(Received for publication, December 28, 1933) 

In connection tvith other studies made in this laboratory on the 
constituents of the bile, ■with ne'w methods a'vailable, it seemed "wise to 
re-examine the whole question of cholesterol elimination in the bile. 
Method difficulties have impaired the value of many previous studies 
of biliary cholesterol. Recently, Elman and Taussig (6) and Andrews 
and Hrdina (1) have described methods of great similarity which are 
accurate for the quantitative analysis of biliary cholesterol. 

The need of another method grew out of a series of experiments 
in which it was desired to determine the occurrence of esters of cho- 
lesterol in bile. In the methods (1, 6) mentioned, treatment "with 
alkali is utilized to “fix” the bile pigments, and as such treatment 
would cause hydrolysis of any combined lipoids, these methods could 
not be used in the determination of esterified cholesterol. The occur- 
rence of cholesterol esters in bile is a point about which there are differ- 
ences of opinion . Thannhauser (9) states that all cholesterol in human 
bile occurs in a free state due to the action of an ester-splitting en- 
zjme, “cholesterolesterase,” which sets free the esterified cholesterol. 
Thomas (10) is quoted to the effect that cholesterol occurs in dog bile 
as an ester. 

large colony of closed, sterile bile fistula dogs of the tjqje described 
by Rous and Mc?^Iastcr (8) furnished ample material for investiga- 
tion. 

Methods 

1. The colorimetric method used for the determination of the total cholesterol 
in bile is that of Elman and Taussig (6) which is described in detail by them. At 

•507 
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tlie suggestion of Dr. W. R. Bloor wc have used a red glass filter in the colorimeter 
when making these quantitations. This filter is of the type Coming No. 10, signal 
red (which transmits 96 per cent at 700 A.u. and 0.0 per cent at 595 A.u.). The 
filter affords the advantage of a much easier color match and consecutive readings 
on the same specimens check much more closely with the filter than they do mth- 
out it. Also the filter eliminates the difficulty sometimes encountered when the 
extract is faintljf brown. This method has served ourneed for determination of the 
total cholesterol in bile satisfactoril)' and duplicates checked within small limits. 

2. For the determination of the esters of cholesterol in bile we have used a colori- 
metric method which is a modification of the well known Bloor (2) and Bloor and 
Knudson (5) methods for the determination of blood plasma cholesterol. This 
method as applied to bile, consists of running 5-10 cc. of bile (the volume of bile 
used depending upon tlie cliolesterol content) slowl}' into 75 cc. of a mixture of 1 
part ethyl ether and 3 parts of 95 per cent alcohol in a 100 cc. volumetric flask, 
shaking the flask vigorously at the same time to insure the formation of a fine 
precipitate. The mixture is tlien slowly brought to the boiling point, cooled, 
made up to 100 cc. with alcohol-ether mixture and filtered through a No. 2 What- 
man filter paper. This extract keeps indefinitel)’^ if stoppered tightlj' and placed 
in the dark. Aliquots of the extract are taken, an excess of an alcoholic solution of 
digitonin added (2 cc. of a 0.50 per cent solution usually suflSce) and the mixture is 
taken to drjmess on the steam batli. The residue is extracted 3 times with petro- 
leum ether (the fraction boiling off below fiO^C.), using 20 cc. each time and boiling 
the solvent dorvn to about 10 cc. The extract is then filtered with gentle suction 
through a sintered glass filter of the type marked “4G4 Schott and Gen. Jena,” 
The filtrate is evaporated to di^mess, extracted ndth chloroform and the color de- 
veloped as in the method for total cholesterol. Pure cholesterol having a melting 
point of 145°C. is used as a standard. Two concentrations of standard are used, 
one containing 1.0 mg. per 5 cc., and the other 0.5 mg. per 5 cc. This method has 
been checked b)’’ adding esterified cholesterol in blood plasma to bite, with satis- 
factory recoverJ^ 

3. As a control over the above methods, the oxidative digitonin method of Okey 
(7) and Bloor (3) as modified by Yasuda (11) was used. We are grateful to Mr. 

P. L. MacLachlan of the Department of Biochemistrj^ who very lundly made the 
great majority of the digitonin determinations. 


Comparison of the Colorimetric Method ivith the Oxidative Digitonin 
Method for Total Cholesterol in Bile 

The results of these determinations are shown in Table 1. The 
colorimetric method gives results which run consistently 20 per cent 
higher than the digitonin method. These figures are in accord with 
those of Bloor (4) who has made a similar comparison of the colon- 
metric and digitonin methods as applied to blood plasma over a long 
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series of determinations and has expressed the opinion that the colori- 
metric values more closely approximate the true values. Our figures 
are at some variance with those of Elman and Taussig (6), who in a 
series of four determinations showed the colorimetric determinations 
to run sometimes greater and sometimes less than the digitonin. In 
our opinion, the variation in the digitonin results recorded by these 
workers can be largely, if not entirely, explained by the fact that the 
method of Okey (7) is not as uniformly accurate as it is in the form as 
modified by Yasuda (11). 


TABLE 1 


Comparison of Colorimetric and Oxidative Digitonin Methods Applied to 

Dog Bile 


No. 

Colorimetnc 

Digitonin 

Colorimetric higher valaes 
than di^tonin 


ir.J. 

TT.J. 

fer uni 

1 

1.12 

0.87 

22 

2 

1.00 

0.79 

21 

3 

1.13 

0.90 

20 

4 

1.28 

1.03 

18 

5 

1.19 

0.93 

22 

6 

1.23 

0.99 

20 

7 I 

0,80 

0.64 

20 

8 

0.64 

0.54 

16 

9 

0.80 

0.64 

20 

10 

0.71 

0.61 

22 

11 

0.82 

0.64 

22 

12 

0.67 

0.52 

22 

Average 

20 



Just why the colorimetric method should run so consistently 20 per 
cent higher than the digitonin method is rather perplexing. Deter- 
minations of pure cholesterol and cholesterol added to bile of known 
concentration jicld by the colorimetric method about 99 per cent of 
the theoretical values, whereas the digitonin method >nelds about 7 
per cent less than the theoretical. It is possible that sterols related 
to cholesterol occurring in bile c.xert an influence in the development of 
a color which is not e\-ident in the o.xidative determinations. 
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The Physical State of Cholesterol Occurring in Normal Dog Bile 

A series of six duplicate determinations on samples of bile from 
several healthy closed bile fistula dogs were made by the colorimetric 
and oxidative digitonin methods. The total diolesterol content of 
these bile specimens ranged from 0.190 mg. to 0.895 mg. In no in- 
stance was there evidence of esterified diolesterol in amounts permit- 
ting quantitation. From these results it is eddent that in dog bile, as 
in human bile, cholesterol occurs entirel}’^ in an uncombined form. 

CONCLUSIONS 

The colorimetric method for the determination of total cholesterol 
in dog bile is consistently accurate as checked by the oxidative digi- 
tonin method. Tliis method has the further advantages of being 
simple, rapid and economical. 

A method for the determination of esterified cholesterol in bile is 
described and it is shown that there are no esters of cholesterol in 
normal dog bile. 

We are indebted to Professor W, R. Bloor and Mr. P. L. Mac- 
Lachlan of the Department of Biochemistry for their helpful advice 
and assistance in this work. 
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Fltjctuations Due to Diet Factors, Bile Salt, Liver Injury 

AND Hemolysis 

Bv ANGUS WTUGHT, M.D., axd GEORGE H. WHIPPLE, M.D. 

{From the Department of Pathology, The Unkersity of Rochester School of Medicine 
and Dentistry, Rochester, N. Y.) 

(Received for publication, December 28, 1933) 

The blood and body fluids are so crowded with “chemical messen- 
gers” and vitamines that to some readers it appears a miracle that these 
substances ever reach their destination. Cholesterol has been looked 
upon as an innocent bystander, inert and going along with the crowd. 
Some of the recent work with hormones and vitamines would seem to 
focus attention on cholesterol as a close relative of other sterols and 
perhaps of ergosterol and the group of fat soluble vitamines. Further 
work with hormones (estrin and the male hormone) indicates a chemi- 
cal constitution relating these “messengers” to the sterols. The 
same four ring nucleus is common to all these substances (18) 



Therefore instead of an innocent bystander cholesterol may prove to 
be a messenger of importance and authority related to many vital 
body processes. 

It can be seen from the tables below that cholesterol is influenced 
profoundly by bile salt metabolism and circulation. Bile salt feeding 
together with cholesterol may give maximal values for cholesterol in 
the bile. All e\'idcnce (15) points to the liver cell as the only source 
of bile salts but this does not necessarily mean that cholesterol is pro- 
duced in the liver cell. However, it would be difficult indeed to prove 
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that the liver is not concerned with cliolesterol metabolism and its 
production in the body. 

It is significant that the blood plasma of the dog contains 10 to 20 
times as much cliolesterol per 100 cc. as does the bile. Cholesterol in 
blood plasma averages 150-300 mg. per 100 cc. in contrast to bile 
which averages 10-15 mg. per 24 hour output in a total volume of 80- 
130 cc. This suggests a liver threshold of elimination but if sucli a 
threshold does exist it differs conspicuously from the renal threshold as it 
is understood today. It is possible to raise the blood cholesterol without 
a large increase in bile cholesterol and also to increase the cliolesterol 
elimination in the bile without a change in blood cholesterol concen- 
tration. Cholesterol esters make up a large part of the blood clioles- 
terol but the esters do not appear in the bile under the conditions of 
these experiments. The normal liver cell if it has a tlireshold for 
free cliolesterol will not pass on into the bile any cholesterol esters. 
This question is receiving furtlier study. 

It may be argued that cholesterol as it appears in the bile is depen- 
dent upon the circulation of the bile salts. This may be in part a physi- 
cal relationship as bile salts increase the solubility of cliolesterol in the 
whole bile. It is also possible that the bile salts exert an influence 
upon the liver cell, modifying its physiological state and permitting 
the passage of cholesterol. It is generally accepted that the bile salts 
modify definite body functions in tlie gastro-intestinal tract in tlie 
external sector of their cycle in the body. We believe that the in- 
ternal sector of the bile salt cycle may be even more important for the 
body, and that the hepatic cells and other body cells may be modified 
in their activity by the presence of bile salts. Interesting types of 
intoxication which develop in the fistula dog after long periods of bile 
salt deprivation point in this direction. 

There is no dearth of experimental observ'^ations dealing with bile cholesterol in 
humans and animals. McMaster (9) has review'ed the earlier work and points out 
that much of tlie recorded data was unsatisfactory because of the tj^pe of bile 
fistula used. He show’ed that cholesterol in the bile can be increased by diets rich 
in cholesterol. The bile fistula introduced by Rous and McMaster (10) enables 
the investigator to collect accurately the 24-hour sample of sterile bile and marked 
a distinct advance in this field of study. Methods for bile cholesterol analysis 
have been unsatisfactory and inaccurate until quite recently and the recorded data 
are therefore inaccurate and subject to review. In the metliod used by McMaster 
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(9) the bile pigments introduce large errors and his base line for bile cholesterol 
output in the dog runs about double the amount recorded in the tables below. 
Biliary cholesterol has been studied by D’Amato (2), Stepp (17), Dostal and 
Andrews (3), Fox (5), Salomon and Silva (16), Gardner and Fox (6), Elman and 
Taussig (4), J^IcClure (8) and many others. Some of these papers deal with hu- 
man, others with animal bile. The objections noted above apply to these obser- 
vations. The greatest diversity of opinion on all phases of the subject is revealed 
by these papers. 

Methods 

The methods used in the quantitative determination of bile cholesterol are de- 
scribed above (Paper I). The bile fistula dogs were prepared according to the 
method of Rous and McMaster (10). Meticulous attention to the details of 
aseptic technique is needful in the care and daily bile collection in these am'mals 
(12). Their general super\-ision requires the bulk of the time of one technician. 
This U'pe of fistula is made vdth excision of the gall bladder and insertion of a 
cannula in the common bile duct so that the bile is collected in a sterile bag. A 
comfortable canvas binder retains the bag and enables the dog to bve a quiet and 
comfortable life for many months. It is highly important that these dogs remain 
in excellent clinical condition with little or no loss of weight and freedom from 
gastro-intestinal disturbances. Little significance can be attached to observations 
on dogs showing clinical abnormalities which are usually recorded in the published 
experiments from many laboratories. 

The standard or control diet consists of a bread prepared in the laboratory' and 
much used in the anemia colony. The bread contains wheat flour, starch, bran, 
sugar, cod liver oil, canned tomatoes, canned salmon, yeast and a salt mixture. 
Its preparation has been adequately described (20). This is a complete diet for 
the normal dog and will maintain anemic animals in health indefinitely. The 
control periods given in the tables below precede immediately the periods dealing 
with special diets, liver injury, bile feeding, etc. -Mter operation there may be 
fluctuations in bile cholesterol which may be due to obscure factors. For this 
reason the dog was observed for a period of 7-10 days before the regular control 
periods were begun. 

EXPERIMENTAL OBSERVATIONS 

Brief clinical histories of the several bile fistula dogs are given in the 
following paragraphs. It will be noted that the weight at the end of 
the c.vperimental observations is in no instance lower than the weight 
recorded at the beginning. This means e.vcellent clinical condition, 
good food consumption and no gastro-intestinal disturbances. Fast- 
ing or intoxication will always reduce tlie normal output level of bile 
cholesterol. 
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Clinical IHslorics 

Dog 32-161. Adult female white bull mongrel, operation Jan. 12, 1933. 
Weight at beginning of analj'scs 14.4 kg. Hemoglobin 144 per cent. This ani- 
mal s weight remained constant except during a period of liver injurj^ due to in- 
travenous injection of hematin (Table 27) when the weight dropped to 13.0 kg. 
This loss was rapidly recovered and at present (Oct. 6, 1933), hemoglobin 111 per 
cent, the animal weighs 14.8 kg. The hemoglobin level has maintained a similar 
constant level with the exception of periods during which it has been lowered 
as a result of direct experimentation. Food consumption has always been good. 
The animal has been in excellent ph 3 ^sical condition throughout the period of 
observation. 

Dog 31-27. Adult female long haired mongrel, operation May 1, 1932. 
Weight 13.2 kg. Hemoglobin 119 per cent. Weight and hemoglobin have shown 
slight variation. Food consumption exceUent. The animal has been e.xceedingly 
lively. On Maj'’ 29, 1932, bile became infected and dog killed under anesthesia. 
Weight 13.7 kg., hemoglobin 105 per cent. 

Dog 31-331. Adult female hound mongrel, operation June 1, 1932. Weight 
16.9 kg. Hemoglobin 132 per cent. The hemoglobin showed slight variation and 
there was slight gain in w'eight to 17.4 kg. The animal was livel}’’ and consumed 
all of its food. On Dec. 21, 1932, the bile became infected and the animal was 
killed under anestliesia. At this time the weight was 17.4 kg. and the hemoglobin 
105 per cent. 

Dog 31-203. Adult female setter mongrel, operation Jan. 26, 1932. Weight 
15.0 kg. Hemoglobin 107 per cent. The w’eight increased somewhat over a 
long period of experimentation, rising as high as 17.5 kg. The animal was in ex- 
cellent ph 3 'sical condition throughout and consumed its food completel}'. The 
hemoglobin varied somewhat, going as low as 67 per cent during some of the ex- 
perimental periods. The bile became infected June 3, 1933, and the animal W'as 
subsequentl 3 '’ killed under anesthesia. At this time the animal weighed 15.9 kg., 
hemoglobin 93 per cent. 

Table 21 gives characteristic control observations on two bile fistula 
dogs. Dog 32-161 shows a normal level in the first control period but 
a low normal in the second control period which was 7 months subse- 
quently and followed a period of liver injury (see Table 27). The 
fore periods on salmon bread immediately preceded the test periods on 
calves’ brains. In the control periods the fluctuations in bile choles- 
terol output from day to day rarely exceeds 1-2 mg. (see Table 25). 

Calves’ brains in the older experiments reported in the literature 
were usually fed with egg yolk and assumed to be in part responsible 
for the bile cholesterol increase if any was observed. In our c.xperi- 
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ments the calves’ brains alone (containing approximately 1.5 gm. cho- 
lesterol) have a negligible effect as a 10 per cent increase is ■within 
physiological fluctuations related to uncontrollable factors. The 
significant rise in bile cholesterol output -when bile salt is added -will 
be discussed under Table 23. 

We know of no satisfactory explanation for the observations (Table 
21) that the feeding of cholesterol in calves’ brains gives no increase in 
biliary’- cholesterol, whereas the egg yolk feeding -will give a definite 
increase (Table 23). It has been suggested (11) that the presence of 
the phosphatides and cerebrosides may prevent the absorption of the 
brain cholesterol. 


TABLE 21 


Bile Cholesterol and Cakes’ Brains Feeding 


Control diet— salmon bread 


CoDtrol diet -f- C 2 lves* brain 250 gm. daily 


Dog Xo. 

Duration 

Bile 

volume 

daily 

average 

Choles- 

terol 

a'vtrage 

daily 

output 

Duration 

BDe Mit 
fed 

BCe 

volume 

daily 

average 

Cholcs- 

terol 

average 

daily 

output 

1 

Choles- 

terol 

inaease 

■mil 

— 

1 

ms. 

days 


cc. 

■m 

per cent 

32-161 

ml 


12.6 

4 

0 

■m 


15 

32-161 


ml 

7.9 

8 

3 



118 

31-331 

ml 

115 

10.0 

4 

0 

■la 

10.8 

8 

31-331 

■1 

125 

12.8 

4 

0 

146 

13.1 

10 


Table 22 shows some satisfactory and representative experiments 
t^ith -widely different food factors all done on the same dog which was 
in perfect physical condition and ate all the food as indicated. The 
sugar diet and zein (digested wth tiypsin) were given daily by stomach 
tube. 

The control salmon bread diet periods show a large bile elimination — 
an average of about 140 cc. daily, and a uniform output of bile salt — 
an average of about 1.1 gm. per da}*. 

Liver added to this control diet causes little or no change in bile 
voliune, cliolesterol or bile salt output. Lean beef feeding causes a 
distinct rise in bile salt but not in the cholesterol output. Sugar alone 
fed to a bile fistula dog always causes a sharp drop in bile volume and 
bile salt output. The drop in bile cholesterol is less conspicuous. 
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table 22 


Dog 31 - 203 . Cholesterol and Food Factors 



TABLE 23 
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Zein is an incomplete protein wHch we have used in a study of bile 
salt metabolism. It causes a sharp fall in bUe volume and bile salt 
output and even more conspicuous drop in bile cholesterol. This de- 
serves further study. 

At any rate we see that it is possible to dissociate bile volume, bile 
salt and bile cholesterol concentration. In a general way the bile 
cholesterol-bile salt ratio is about 1 to 100 but this is not constant. 

The gist of Table 23 is that egg yolk feeding without bile or bUe salt 
will cause a 40-50 per cent increase of bile cholesterol. A single egg 
yolk contains 0.3-0.5 gm. cholesterol. Bile alone by mouth contain- 
ing 1 gm. bile salt will cause about the same increase in bile choles- 
terol. WTien larger doses of bile salt (3 gm.) alone are fed we note an 
increase of over 100 per cent of bile cholesterol and there is no further 
rise in bile cholesterol if we give this dose of bile salt plus egg yolks. 
This point has not been observed by other workers and gives less em- 
phasis to heavy cholesterol feeding (egg yolks). It is of interest that 
hlooi cholesterol remams unchanged with bile salt feediug but rises to 
high levels when bUe salt plus egg yolk is fed. The bile cholesterol 
elimination remains at the same level in both experiments (Dog 
32-161 , Table 23) . Under normal physiological conditions with an in- 
tact bile circulation and no bile fistula it is probable that heavy cho- 
lesterol feeding would cause no reaction (Table 23) or at best a slight 
rise in bile cholesterol (see Table 24). 

Table 24 indicates the inaxiviuvi Ic.sl to which we have been able to 
push cholesterol excretion in the bile by means of continued bfie feed- 
ing plus egg yolk plus large supplementary bfie salt additions. This 
dog was in perfect physical condition and consumed daily its salmon 
bread ration. The supplements added to this ration or given b}’’ 
stomach tube are shown (Table 24). For 13 days preceding the 1st 
day given in Table 24, the dog was refed daily the total bile output as 
collected, minus 10 cc. for routine analysis. It has been shown else- 
where (21) that refeeding of bile over considerable periods will raise 
the bile salt output to a level which is sustained at about 7-8 gm. bile 
salt output per 24 hours. This dog had not reached this plateau at 
the time the obser\'ations were begun in Table 24 and we note a bile 
salt output of 4.5 gm. per day. "Meanwhile the bile cholesterol has 
increased slowly from the control level at the start of bile refecding — 
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9.3 mg. to 21.5 mg. When bile salt (3 gm.) is added to the bile re- 
feeding we note a great increase in bile cholesterol — 42.6 mg. per 24 
hours. The peak of cliolesterol production follows by 1 day tlie peak 
of bile salt output. Egg yolks added to the bile refeeding increase the 

TABLE 24 


Bile Cholesterol Injlucnccd by Cholesterol and Bile Salt Feeding 
Dog 32-161. 


Date 

Diet — salmon bread daily 

Bile 

volume 

daily 

output 

Cholcs 
; tcrol 
daily 
output 

- Bile 
salt 
daily 
output 

Oct. 

10 

Bile 178 cc. 

CC. 

198 

ir.5, 

21.5 

sn. 

4.51 

Oct. 

11 

Bile 198 cc. 

218 

21.6 

4.22 

Oct. 

12 

Bile 220 cc., bile salt 3 gm. 

230 

16.5 


Oct. 

13 

Bile 272 cc., bile salt 3 gm. 

282 

21.0 


Oct. 

14 

Bile 290 cc., bile salt 3 gm. 

300 

24.0 


Oct. 

15 

Bile 286 cc. 

308 

38.5 

8.66 

Oct. 

16 

Bile 300 cc. 

332 

42.6 

6.83 

Oct. 

17 

Bile 246 cc. 

256 

27.6 


Oct. 

18 

Bile 228 cc. + 4 egg jmlks 

238 

30.2 


Oct. 

19 

Bile 302 cc. -f 4 egg yolks 

312 

36.3 


Oct. 

20 

Bile 255 cc. -f- 4 egg yolks 

265 

34.4 


Oct. 

21 

Bile 301 cc. + 4 egg yolks 

332 

30.2 

6.57 

Oct. 

22 

Bile 253 cc. 

273 

30.4 

5.10 

Oct. 

23 

Bile 234 cc. 

244 

39.4 


Oct. 

24 

Bile 218 cc. 

228 

28.5 


Oct. 

25 

Bile 262 cc. 

272 

28.0 


Oct. 

26 

Bile 248 cc. -f bile salt 3 gm. 4 egg yolks 

258 

27.2 


Oct. 

27 

Bile 334 cc. -f bile salt 3 gm. 4 egg yolks 

344 

34.4 


Oct. 

28 

Bile 294 cc. -{- bile salt 3 gm. -f 4 egg yolks 

304 

46.1 

9.47 

Oct. 

29 

Bile 364 cc. + bile salt 3 gm. -b 4 egg yolks 

386 

48,3 

Oct. 

30 

Bile 346 cc. 

378 

61.0 

9. 84 

Oct. 

31 

Bile 282 cc. 

292 

52.2 


Nov. 

1 

No bile 

325 

46.8 


Nov. 

2 

No bile 

152 

9.1 




bile cholesterol almost as mucli as does the bile salt but meanwhile the 
bile salt output is on the decline. 

Maximum figures for bile cholesterol (61 mg. per 24 hours) arc ob- 
served when we combine egg yolk and bile salt with the whole bile 
refeeding. This high level is more than 6 times the base line but 




ANGUS WTUGHT AND GEORGE H. Ti'HIPPLE 


419 


if -we consider as normal the output due to bile refeeding then the 
output is doubled by egg yolk and bile salt supplementary feeding 
(Table 24). 

WTien bile refeeding is stopped the output falls promptly to the con- 
trol level on salmon bread diet— 9.1 mg. cholesterol per 24 hours. The 
dog was then fasted for 2 days and the cholesterol fell to 4.3 mg. 

Table 25 shows that isatin by mouth or decholin by vein or by mouth 
will give a definite cholagogue effect without any influence on choles- 
terol elimination by the bile. In fact as these substances cause some 


TABLE 25 


Isatin and Decholin Shenv Cholagogue Effect but Negative Influence on Bile 

Cholesterol 


Control diet 


Control diet 4- Uatin or decholin da3y 


■ 

1 

O 

E 

S V 

1e 

e 

If 

“c s 

5 ® 

oCS 
•c « 

5- 

O 

> 

ei 

Durattnn 

o 

g 

s o 

li 

o 

Isatin or decholin 

5^ 

ei 

1 “ 

U 

ie 

e 

“i. 

t e 

r. 

css 
*c * 

O 


days 

CC, 

Wff. 

r:g. 

days 

CC. 


nr. 


31-331 

8 

115 

8.8 


3 

155 

Isatin — 5 gm. 


8.0 

31-161 

10 

87 

8.3 


6 

135 

Isatin — 5 gm. 


5.6 

31-161 

2 

90 

9.1 

1174 

2 

120 

Decholin* 

1504 

8.4 

31-161 

3 

125 

8.8 

1100 

4 

130 

Decholin* 

1211 

3.0 

31-161 

10 

87 

8.3 

1100 


238 

Decholin — ^3 gm. 

1670 

6.6 


• Decholin given by vein daily — 2 gm. 


gastro-intestinal disturbance and occasional vomiting we note more 
or less decrease in cholesterol elimination. Decholin by vein in one 
instance caused a good deal of clinical disturbance, very low food con- 
sumption and a vcr\' low cholesterol output (3.0 mg. per 24 hours). 
This is practically the fasting level. 

It is known that isatin (14) causes no increase in bile salts but de- 
cholin docs cause a moderate increase in bile salt elimination; This 
does not compare with the reacUon to bile salt by mouth which is 
subsequently eliminated within 24 hours in amount practically 100 
per cent of the intake. We cannot say whether the decholin may be 
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eliminated as such in the bile as the method used would not detect it. 
Evidently some of the introduced decholin is linked in the body with 
taurin to yield taurocholic acid. The cholagogue reaction to decholin 
is more conspicuous when the drug is given by moutli as compared 
with intravenous administration. The last two figures for bile salts 
(1100 mg.) in control periods (Table 25) are general average values. 

Table 26 shows a satisfactory experiment in whicli moderate liver 
injur}’’ was produced by small doses of cliloroform by mouth. The 

TABLE 26 


Bile Cholesterol loith Liver Injury and Repair 

Dog 32-161. 


Date 

Diet 

Weight 

Bile vol- 
ume dailj' 
output 

Cholesterol 

daily 

output 



ks. 

CC 


Aug, 14 

Salmon bread 

14.5 

90 

9.4 

Aug. 15 

Salmon bread 


76 

8.1 

Aug. 16 

Salmon bread 


132 

8.2 

Aug. 17 

Salmon bread 


108 

8.5 

Aug. 18 

Salmon bread 


SO 

8.2 

Aug. 19 

Salmon bread 


82 

7.3 

Aug. 20 

Salmon bread 

14.5 

84 

9.3 

Aug. 21 

Salmon bread + chloroform 3 cc. 


92 

8.2 

Aug. 22 

Salmon bread -f- chloroform 3 cc. 


50 

4.9 

Aug. 23 

Salmon bread -{-100 gm. karo syrup 


18 

1.6 

Aug. 24 

Salmon bread -f- 100 gm. karo syrup 

14.6 

10 

0.4 

Aug. 25 

Salmon bread + 100 gm. karo syrup 


26 

1.3 

Aug. 26 

Salmon bread 


42 

2.8 

Aug. 27 

Salmon bread 


70 

5.4 

Aug. 28 

Salmon bread 

14.5 

74 

6.0 


repair took place promptly and was probably complete in 7-10 days. 
There was no clinical disturbance, the dog acting normally and eating 
all food. Bile volume shows a sharp fall to about 10 per cent of nor- 
mal and the bile cliolesterol falls even closer to zero. Bilirubinemia 
developed with an icterus index of 10 and bile was present in the urine. 
From published experiments (22) we know that the bile salts in the 
bile also fell very close to zero. The return toward normal in bile 
cholesterol is well shown (Table 26) and parallels closely the liver re- 
pair and bile salt excretion curve (22) as given elsewhere. From other 
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experiments we know tkat in such animals the signs of liver injury 
are very slight as shown by histological study a few cells about the 
central vein showing fat or hyaline necroses. The repair is prompt 
and completed usually within 7 days. 

Table 27 shows a severe liver injury followed by slow return to nor- 
mal over a period of 4—5 weeks. In connection with other experiments 
this dog was given hematin intravenously which caused severe and 
almost fatal poisoning. From autopsy examinations in other dogs we 


TABLE 27 

Bile Cholesterol with Severe Liver Injury and Slow Repair 
Dog 32-161. 


Date 

Diet 

Weight 

BHe volume 
daily output 

Cholfs- 

tcrol 

daDy 

output 




cc. 

rzg. 

Feb. 18 

Salmon bread 

14.3 

124 

11.5 

Feb. 19 

Salmon bread 


106 

11.5 

Feb. 20 

Salmon bread 0,2 gm. hematin by vein 


110 

11.0 

Feb. 21 

Salmon bread -1-0,2 gm. hematin by vein 


58 

6.5 

Feb. 22 

Salmon bread + 20 gm. glucose by vein 


No bile 

— 

Feb. 23 1 

Salmon bread 


No bile 

— 

Feb. 24 

Salmon bread -b * 50 cc. bile by mouth 


No bile 

— 

Feb. 25 

Salmon bread -f * 50 cc. bile by mouth 

13.0 

30 

— 

Feb. 26 

Salmon bread -b * 50 cc, bile by mouth 


44 

2.9 

Feb. 27 

Salmon bread 


96 

4.6 

Feb. 28 

Salmon bread 

13.6 

104 

4.7 

Mar. 23 

Salmon bread 

14.2 

62 

6.1 

Apr. 3 

Salmon bread 

14.0 

82 

9.3 

.4pr. 17 

Salmon bread 

14.0 

122 

10.3 


* This bile contained approximately 5 mg. cholesterol -f 0.6 gm. bile salts. 


have assurance that there resulted an e.xteDsive central liver necrosis, 
which healed slowly. This dog was severely intoxicated and appeared 
clinically verj- sick. Bilirubinemia was severe and the blood fibrino- 
gen fell to 170 mg. per cent. There was bleeding from vein punctures. 
Clinical improvement began 4 da}-s after the second hematin injection 
but rccovcrx' was slow. There was some loss of weight. For 3 daj's 
there was complete suppression of bile flow. The bile cholesterol 
values came back slowly. In these severe injuries the change of cho- 
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lesterol output is less spectacular than with slight injuries when the 
bile flow is not suppressed. These data are in accord with those pre- 
sented in Table 26. 

Blood Destruchon and Cholesterol Elimination in Bile 

It has been claimed b}'’ some investigators and assumed by many 
others that red cell destruction sets free the cliolesterol in the red cell 
matrix, wliich logically might well appear in the bile. Other materials 
coming from red cell destruction (pigments and iron) appear in the 
liver or bile so why not cliolesterol? But experiments indicate that 
this is not the way of body physiology. 

The experiment outlined just below shows no increase in bile cho- 
lesterol but rather a slight decrease, probably due to slight intoxica- 
tion b}'^ the Itydrazine used to destroj’’ red cells. 

Dog 32-161 (see clinical histone above). Weiglit 14 kg., hemoglobin 15S per 
cent, nornaal in all respects. The fore period of 10 days sho^Yed a somewhat low 
normal cholesterol daily output of 6.3 mg. During a 4 day period the dog was 
given subcutaneously 100 mg. dail}’- of acetjdphenylhj'drazine. This caused a 
drop in the hemoglobin level to 86 per cent. Calculating the destroyed hemo- 
globin on tlie basis of the dog’s w'eight and our general experience with anemia 
in dogs, it is safe to say that not less than 100 gm. hemoglobin were destroyed. 

If any cholesterol is to be derived from hemoglobin destruction and appear in the 
bile, this would seem an adequate test. During tlie 4-day period of h 3 'drazine 
administration and the subsequent 10 daj's, the bile cliolesterol averaged 5.5 mg. 
per day. The after period of 16 days shows a bile cholesterol daih'^ output of 7.6 
mg. At the end of tliis last period the hemoglobin level had come back to 112 per 
cent. The dog was fed the standard control salmon bread diet throughout and the 
weight was unchanged. 


DISCUSSION 

Possibly clinical treatment of abnormalities of the biliary S 3 ’’stem 
has not taken into consideration some of the facts established by e.v- 
perimental study of the bile. This may not be the place for a discus- 
sion of clinical problems but it may be proper to indicate that certain 
cholagogues can be used with advantage in human cases presenting 
irritation or inflammation of the biliary tree. Under these conditions 
it is recognized that stasis of bile and high cholesterol concentration 
ma}'- favor the precipitation of cholesterol with subsequent building 
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up of gall stones. It is logical to assume that on such occasions an 
ictive flushing of the biliar)" ducts by means of some cholagogue might 
forestall the unfortunate precipitation of debris and cholesterol. Also 
Dile salts in addition to their active cholagogue effect vrill appear in 
ie bile and help to hold any excess of cholesterol in solution. It is 
iven conceivable that a small soft precipitate of cholesterol under such 
'.onditions might go back into solution, as bile salts effect rapid solu- 
:ion of cholesterol. In the dog’s gall bladder it has been shovm (1, 7) 
hat human gall stones will be dissolved during the course of many 
veeks. 

The cholesterol-bile salt ratio is about 1 to 100 in the bile fistula 
)ile but considerable variations may be noted. The ratio in the blood 
nust be vastly different although we cannot say how much bile salt 
5 to be foimd in the circulating blood. As the normal blood plasma 
ontains about 200 mg. cholesterol per 100 cc., if the same ratio ob- 
ained we should find about 20 gm. bile salt per 100 cc. plasma which 
3 ridiculous. It is probable that the blood plasma contains only a 
ew milligrams of bile salt per 100 cc. but present methods do not per- 
ait us to measure this with any accuracy. 

Therefore we have a considerable amoimt of cholesterol in circula- 
ion — for example a 10 kg. dog would have a plasma volume of 500 
c. and a cholesterol concentration of 150 to 300 mg. per cent — or 750 
0 1500 mg. in circulation. From this reser\'oir of ±1 gm. plasma 
holesterol we have only a trickle of 10-20 mg. per day appearing in 
he bile. Meanwhile the feeding of cholesterol and bile salt may 
hange the level of the plasma reser\-oir of cholesterol by large amounts. 
11 this would point to the bile cholesterol elimination as a minor shunt 
w certain surplus material. We do not accept this conclusion with- 
ut protest and believe that the bile cholesterol is related in some way 
> the important internal cholesterol metabolism which goes on in the 
ver cell. 

Because cholesterol and bile salt have marked similarities in their 
ructural formulas— both contain the same four ring nucleus— it has 
cen claimed that cholesterol is the precursor of bile salt. This thesis 
as been shoaa-n by Smith and \\'hipple (1 3) to be untenable. But may 
surplus of bile salt be clianged to cholesterol? This seems to be 
rilikcly on theoretical grounds and there is no real support for this 
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hypothesis on experimental grounds. The body seems able to dis- 
pose of any surplus of bile salts without any demonstrable increase in 
cholesterol stores or elimination. However the experimental data are 
not adequate as yet to exclude this possibility. 

SUMMARY 

Under uniform diet conditions the normal bile fistula dog vail elimi- 
nate pretty constant amounts of cholesterol — about 0.5 to 1.0 mg. 
cholesterol per kilo per 24 hours. 

Diets rich in cliolesterol (egg yolk) will raise the cholesterol output 
in the bile but compared to the diet intake (1.5 gm. cholesterol) the 
output increase in the bile is trivial (5-15 mg.). Calves’ brains in the 
diet are inert. 

Bile salt alone will raise the cholesterol output in the bile as mucli 
and often more than a cliolesterol rich diet. 

Bile salt plus egg yolk plus whole bile give maximal output figures 
for bile cholesterol — 60 mg. per 24 hours. 

Liver injury (cliloroform) decreases both bile salt and cholesterol 
elimination in the bile. 

Blood destruction (hydrazine) fails to increase the bile cholesterol 
output and this eliminates the red cell stroma as an important con- 
tributing factor. 

Certain cholagogues (isatin and decholin) will increase tlie bile flow 
but cause no change in cholesterol elimination. 

The ratio of cholesterol to bile salt in the bile normally is about 1 to 
100 but the bile salts are more labile in their fluctuations. 

The ratio is about reversed in the circulating blood plasma where the 
cholesterol is high (150-300 mg. per cent) and the bile salt concentra- 
tion very low. 

Cholesterol runs so closely parallel to bile salt in the bile tliat one 
may feel confident of a physical relationship. In addition tliere is a 
suspicion that the bile cholesterol is in some obscure fashion linked 
with the physiological activity of hepatic epithelium. 
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as a result of lack of bile in tlie intestine, or as an alternative h 3 'pothesis, that in 
the absence of fat intake from the intestine, the bod)-- utilizes the fatt}- add already 
combined ndth cholesterol — a de-, esterification. Epstein (6) has noted hj’pocho- 
lesteremia and dissociation of tlie normal ratio of esterified to total cholesterol in 
patients with parendi 3 'matous liver disease. He has also commented on h 3 'per- 
cholesteremia occurring in certain cases of biliary obstruction. ]\'Ijassnikow (12) 
reports h 3 rpocholesteremia in liver injur 3 '^ caused b 3 ’- phosphorus and arsphenaniine. 
His experimental animals were dogs and rabbits. 

Experimental M ethods 

We have used the colorimetric method of Bloor (1) and Bloor and Knudson (3) 
for the determination of blood plasma cholesterol, witli minor modifications de- 
scribed in Paper I. It is worth while to note here again that in a long series of com- 
parisons of the colorimetric and digitonin methods for tlie determination of blood 
plasma cholesterol, Bloor (2) has found the colorimetric method to run consistenth'' 
about 20 per cent higher than the digitonin metliod, and expresses the opinion that 
the colorimetric value more dosel 3 ’^ approximates the actual. This is in accord 
with observations made b 3 ’’ one of us (Paper I). 

The dogs are bled ever 3 '' morning at tlie same time and fed in the earl 3 ^ afternoon 
each day, so tliat the blood samples are free from the questionable influence (9, 4) 
of alimentar 3 f absorption. Approximate^’’ 10 cc. of blood drawn from the jugular 
vein is received into a 15 cc. calibrated hematocrit tube containing 2 cc. of a solu- 
tion of 1.4 per cent sodium oxalate and centrifugalized for 35 minutes at a speed of 
2600 R.P.M. The same hematocrit tube is used for the same animal each da 3 '. 

Determinations of the icterus index are made b 3 ' the rnethod described b 3 ’ Cutten 
ct al. (5) and the values recorded are in milligrams of bilirubin per liter of plasma. 
The method of Jones and Smith (10) is used in tlie determination of fibrinogen. 

Parench 3 ’’matous liver injur 3 ' is produced by gi’vdng small doses of chloroform 
b 3 ’ mouth. The chloroform is suspended in a slightl 3 r viscous solution of starch 
or dissolved in small quantities of cotton seed oil and given b 3 ' stomach tube. 
The chloroform dissolved in cotton seed oil is better tolerated. 

EXPERIMENTAL OBSERVATIONS 

The effect of parenchymatous liver injury upon the blood plasma 
cholesterol was studied in ten experiments performed on nine dogs, in 
some as uncomplicated parencliymatous injury and in others asso- 
ciated with biliary obstruction. The results of the simple parenchy- 
matous injury e.xperiments are uniform (see Chart A). After an 
adequate control period the animals are given small daily doses of 
chloroform by mouth in a starch solution or in cotton seed oil. There 
results a progressively increasing jaundice and after varydng lengths 
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»f time the blood plasma cholesterol values begin to drop. At the 
)eak of liver injury, as indicated by marked jaundice and intoxication, 
Lhe ratio of esterified cholesterol to the total cholesterol decreases to 
30 per cent or less (normal ratio 40-70 per cent). If the dogs are 
allowed to recover, the ester ratio and the values for free and esterified 
cholesterol mount rapidly with subsidence of the jaundice. Some- 
times recovery was attended by slightly higher plasma cholesterol 
values than noted Lq the control periods. 

TABLE 31 

Blood Plasma Cholesterol — Chronic Chloroform Liver Injury 


Dog 32-143. 


Date 

^'eight 

Food 

consumed 

Icterus 

index 

CHCla by 
moutb 
daily 

Total 

cholesterol 

Esters, 

cholesterol 

1 

Ester 

1 ratio 



per cer.l 


cc. 

: 

cent 

tr.g.fer 

cerJ 

per cent 

Mar. 26-Mar. 30 

20.7 

100 

0 

0 

155 

89 

58 

Mar. 31-Apr. 8 

21.3 

100 

14 

4 

163 

88 

54 

Apr. 9-Apr. 17 

21.0 

100 

25 

4 

145 

81 

55 

Apr. 18-Apr. 26 

19.5 

100 

25 

4 

119 

59 

48 

Apr. 27-May 5 

19.5 

100 

32 

9 

147 

75 

51 

May 6-May 17 j 

18.8 

so 

23 

15 

131 

64 

48 

May 18-J.Iay 23 

17.6 ! 

so 

38 1 

15 

124 

60 

48 

May 24 


25 

53 

20 

131 

49 

37 

Jlay 25 


50 

58 

20 

106 

48 

45 

May 26 


14 

48 

20 

96 

32 

33 

May 27 

17.6 

0 

50 

20 

89 

25 

28 

May 28 


0 

62 

20 

89 

30 

34 

May 29 


0 

40 

20 

106 

27 

25 

l^Iay 30 


0 

60 

20 

120 

37 

31 

May 31 


0 

60 

20 

190 

28 

15 


In all cases when the ratio of esterified cholesterol dropped to 30 per 
cent or less of the total cholesterol the animals were critically ill. 
The ratio of esterified cholesterol taken just before death varied from 
0 per cent to 26 per cent of the total. 

Table 31 (Dog 32-143) shows the effect upon the blood plasma cho- 
lesterol of parenchjTnatous liver injury- caused by repeated daily 
doses of chloroform bj’ mouth. 
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Previous to this experiment tliis dog had been subjected to 1 hour of chloroform 
anesthesia (see Table 32) and to a course of cliloroform by moutli with develop- 
ment of moderately severe parenchymatous injury. 

A most interesting finding in this experiment was the large amounts of chloro- 
form which were tolerated over a long period of time. Over a 2-month period 
this animal was given over 12 times the amount of chloroform necessarj^ to injure 
severely the liver of a normal animal over a 2-week period. MacNider (11) has 
reported that liver cells may acquire resistance to chloroform and uranium after 
previous injury of the liver by these poisons. 


Wg. 



Chart A. Blood plasma cholesterol — chloroform liver injury. 

X = 3 cc. chloroform by mouth. 

In the table the first seven horizontal lines indicate average values for the pe- 
riods noted. In the period from Apr. 18 to Apr. 26 the dog was fasted for 5 con- 
secutive da 3 'S during which the chloroform was continued. In spite of fasting the 
ratio of esterified to total cholesterol remained normal, 4S per cent. 

For 50 days the dog was given chloroform bj' mouth in amounts as indicated, 
and during this period there was persistent jaundice but no significant change in 
the blood plasma cholesterol. In the last 8 daj's of tlie experiment the jaundice 
became more marked. The animal showed definite changes in the blood plasma 
cholesterol, with rapid phj’sical decline, and drop in the ratio of esterified choles- 
terol to 15 per cent of the total on tlie da}’ of death. During the latter part of the 
experiment the animal left food and in the last 5 days did not eat. 
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Autopsy revealed generalized jaundice. The extra-hepatic biliary ducts vrere 
patent and there was bile in the duodenum. The li%'er, grossly, was firm, uni- 
formly yellow in color with no alteration of the lobulation. Histologically the 
liver iowed severe fatty degeneration with normal appearing liver cells only in the 
portal regions. There was also a terminal pneumom'a. Other organs were 
normal. 

Chart A, Dog 32-154, illustrates a similar experiment in which the dog developed 
pronounced liver injury' within a period of 16 days. Eleven doses of chloroform 3 
cc. were given. On the 15th day of the experiment there was significant change in 
the blood plasma cholesterol. As hypocholesteremia developed, the ratio of es- 
terified to total cholesterol began to drop and continued to fall until on the 20th 
day it was 30 per cent of the total. At this point the dog was severely' intoxicated 
and jaundice was marked. Sugar was given by vein during the day with conse- 
quent betterment of the animal’s condition. Recovery as indicated by rise in the 
blood plasma cholesterol and decrease of bilirubinemia was rapid. The ratio of 
esterified to total cholesterol returns to normal before the control levels of total 
cholesterol values are reached. 

Two more dogs, 31-169 and 32-172, gave similar results vmder the 
same experimental conditions. Dog 31-169 died at the height of liver 
injury and autopsy showed generalized jaundice and a fatty liver. 
There was a duodenal ulcer. Histologically in the liver there was 
fatty degeneration of practically all liver cells. 

The results of acute liver damage caused by 1 hour of chloroform 
anesthesia are given in Table 32, Dog 32-143. In the days following 
anesthesia the dog was intoxicated and showed marked bilirubinemia. 
Surprisingly enough in the face of the results recorded above the blood 
plasma cholesterol did not vary beyond the usual diurnal range. 

Dog 32-265 was fasted for 48 hours before chloroform anesthesia of 
1 hour duration. Following this, jaundice was marked but again 
blood plasma cholesterol values remained normal. The dog was killed 
under ether anesthesia 48 hours after the chloroform was administered. 
Autopsy showed moderate generalized icterus. There was definite 
diminution of fibrinogen. The liver showed grossly central necrosis 
and histologically there was hyaline necrosis invoh'ing about half of 
the liver lobule with a peripheral zone of fatty cells. In the portal 
regions normal appearing liver cells persisted. 

The effect of biliary obslruclion upon the blood plasma cholesterol 
was studied on six dogs. Four of these animals were obstructed surgi- 
cally after a period of control observaUon, the others were bile fistula 
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dogs of tlie type developed by Rous and McMaster (13) which had 
previously been studied in connection with bile and blood plasma cho- 
lesterol prior to obstruction. All of these animals were completely 
obstructed as evidenced by absence of bile pigments in the feces, and 
marked cholemia. At autopsy careful investigation of the biliary 
tract was made to check the completeness of biliary obstruction. 

TABLE 32 


Blood Plasma Choleslerol — Acute Liver Ivjury by Chloroform 
Dog 32-143. 


Date 

Weight 

Food 

consumed 

Jaundice 

plasma 

Total 

cholesterol 

Esters, 

cholesterol 

Ester ratio 



fer cent 


ms. per cent 

ms. per cent 

per cent 

Dec. 15 

21.0 

100 

0 

96 

64 

67 

Dec. 16 


100 

0 

106 

67 

62 

Dec. 17 


100 

0 

99 

62 

64 

Dec. 18 

20.5 

100 

0 

104 

67 

64 

Dec, 19 



0 

102 

65 

64 


1 hr. CHCLj anesthesia 


Dec. 20 

21,0 

100 

+++ 

111 

65 

59 

Dec. 21 


100 


111 

58 

55 

Dec. 22 


100 

++ 

130 

78 

60 

Dec. 23 

21.0 

100 

+ 

121 

76 

63 

Dec. 24 


100 

+ 

93 

44 

47 

Dec. 25 


100 

+ 

102 

58 

57 

Dec. 26 

20.0 

100 

Trace 

119 

62 

52 

Dec. 27 


100 

Trace 

102 

54 

53 


The effect on blood plasma cholesterol resulting from bile duct ob- 
struction is shown in Table 33, Dog 32-326. The first four lines give 
average figures for the periods indicated by the dates. 

After a control period of a week, the common bile duct was ligated and cut under 
ether anesthesia. Jaundice developed promptly and the dog began to leave load 
with resulting slight decrease in weight. Blood plasma cholesterol levels were 
followed for 27 days. During this period there was no significant change in the 
ratio of esterified to total cholesterol. The amount of both total and esterified 
cholesterol, however, did increase definitely above the control levels. Chloroform 
by mouth was started and immediately there was a rapid decrease in the total 
blood plasma cholesterol with even more marked drop in the esterified cholesterol. 
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Consequently the ester ratio falls below normal and remains low. On the last 2 
days of life there were no cholesterol esters demonstrable in the blood. 5 days be- 
fore death when the ester ratio was at 14 per cent the fibrinogen was 109 mg. per 
cent, indicating very definite liver injuiy'. 

Autopsy revealed generalized jaundice with complete obstruction of the common 
bile duct. The gaU bladder and biliary ducts were dilated and filled with thick 


TABLE 33 


Bile Duct Obstruction -ivith Superimposed Chloroform Injury 
Dog 32-326. 


Dai'S 

Weight 

Food 

consumed 

Icterus 

index 

CHCLj 
by mouth 

Total 

cholesterol 

Esters, 

cholesterol 

Ester 

ratio 


if. 

per cent 


cc. 

rtg. per 
ccrU 

ns. per 
cent i 

percent 

Sept. 12-SepL 18 | 

8.4 

100 

0 

0 

172 

76 

45 


Common bile duct ligated and cut 


Sept. 19-Sept. 25 

8.6 

50 

20 

0 

211 

99 

49 

Sept. 26-Oct. 2 

7.5 

50 

20 

0 

187 

88 

46 

Oct. 3-Oct., 12 

7.3 

50 

23 

0 

206 

103 

51 

Oct. 13 

7.2 

50 

23 

0 

255 

127 

50 

Oct. 14 


20 


0 

335 

121 

36 

Oct. 15 


50 

21 

0 

338 

125 

37 

Oct. 16 

7.1 

50 


0 

301 

165 

55 

Oct. 17 


47 

24 

4 

232 

151 

65 

Oct. 18 


30 


4 

221 

73 

33 

Oct. 19 


20 

26 

4 

83 

27 

33 

Oct. 20 

7.2 

32 


0 

68 

27 

39 

Oct. 21 


20 

27 

4 

53 

19 

36 

Oct. 22 


40 


0 

36 

12 

34 

Oct. 23 


6 

30 

4* 

87 

12 

14 

Oct. 24 

6.6 

0 


4 

54 

14 

26 

Oct. 25 


0 

31 

8 

40 

13 

33 

Oct. 26 


0 


8 

45 

12 

26 

Oct. 27 

6.1 

0 

46 

8 

45 

0 

0 

Oct. 28 




8 

46 

0 

0 


* Fibrinogen 109 mg. per cent on this date. 


dark green bile. The liver was bile stained and verj- fatty. No gross e\-idence of 
infecUon was seen. There was a duodenal ulcer. The* other organs appeared 
normal. Histologically the liver showed central fatty degeneration with normal 
appearing li\er cells in the portal regions. Bile canaliculi were distended with 
brown colloid material. Phagocj-tic cells in the liver sinusoids contain brown pic- 
ment granules. ^ ° 
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Table 34, Dog 32-341, shows the results of long continued biliary 
obstruction with subsequent superimposed chloroform liver injury. 
Again average figures are given for several periods as indicated by the 
dates. 

This dog was studied for 41 days after obstruction before chloroform was given. 
During the simple obstructive period there was definite increase in tlie total and 


TABLE 34 


BUe Duct Obstruction with Superimposed Chloroform Injurv 
Dog 32-341. 


Date 

Weight 

Food 

con- 

sumed 

Icterus 

inde.'c 

CHCLj 

by 

mouth 

Fibrino- 

gen 

Total 

choles- 

terol 

Esters, 

choles- 

terol 

Ester 

ratio 


ks- 

per cent 


CC, 


ms, per 
cetti 

Htj. per 
cent 

! 

per cent 

Sept. 12-Sept. 18 

13.3 

100 

0 



270 

143 

52 


Common bile duct ligated and cut 


Sept. 19-Sept. 25 


80 

10 



289 

144 

50 

Sept. 26-Oct. 2 

mm 

75 

30 



388 

204 

56 

Oct. 3-Oct. 9 

13.6 

70 

36 



361 

180 

49 

Oct. lO-Oct. 16 

12.6 

50 

42 



279 

137 

49 

Oct. 17-Oct. 23 

12.4 

50 

50 



381 

185 

48 

Oct. 24-Oct. 30 

12,4 

100 

30 



350 

193 

52 

Oct. 31-Nov. 6 

12.3 

20 

52 

6 


342 

170 

50 

Nov. 7-Nov. 13 

11.6 

20 

54 

8 i 

138 

111 

28 

25 

Nov. 14 

11.0 

16 

54 

' 10 

167 

108 

23 

21 

Nov. 15 

10.9 

18 


10 


152 

27 

18 

Nov. 16 


16 

56 

20 

195 I 

140 

’ 25 

' IS 

Nov. 17 


0 




121 

25 

21 

Nov. 18 

10.8 

. 10 

51 



110 

24 

22 

Nov. 19 


20 




164 

33 

20 

Nov. 20 

10.5 

0 

45 



132 

26 

20 

Nov. 21 


0 




173 

40 

23 


esterified blood plasma cliolesterol above tlie control levels. The ratio of esters to 
total cholesterol remains normal. A week after daily administration of chloro- 
form (6 cc.) by mouth the values for both total and esterified cholesterol decrease 
markedly. The ester ratio drops to 25 per cent of the total as compared with nor- 
mal of 50 per cent. These lower levels are maintained throughout the rest of the 
experiment. Food consumption was poor, particular!}' after chloroform adminis- 
tration was commenced. On Nov. 16 after 10 days of severe liver injury an 
attempt was made to bring back the dog to normal by administration of intrave- 
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nous glucose. Apparently the margin of hepatic safety had been passed as the 
animal died after 4 days of such treatment. Following sugar therapy the fibrino- 
gen levels rose to normal while there was no change in the cholesterol level of the 
plasma. Before glucose in saline was given on Nov. 16, the dog’s red cell hemato- 
crit was at 40 per cent; following glucose this dropped to 20 per cent at which level 
it remained until death, which occurred despite transfusion. In face of this ob- 
viously great dilution of the total plasma volume, there was no drop in the total 
cholesterol. 


T.ABLE 35 


Chronic Bile Duel Obslruclion uith Superimposed Cholangitis 
Dog 31-203. 


Date 

Weight 

Food 

consumed 

Icterus index 

Total 

cholesterol 

Esters, 

cholesterol 

Ester ratio 


kz. 

ptr ctrA 


mz. ftT coil 

mj. per cerA 

fer cerA 


15.7 

100 

30 

315 

177 

56 

B SS9 


100 

30 

291 

119 

41 

B Ssm 


100 

32 

376 

184 

49 

B Ssm 

15.6 

100 

28 

327 

164 

50 

■shs 


100 

30 

322 

183 

57 


Inter\'al of 52 daj's. Animal now progressively ill 


Sept 6 

15.9 

100 

28 

95 

33 

35 

Sept 7 


100 

25 

63 

28 

44 

Sept 8 


100 

28 

81 

27 

33 

Sept. 9 


0 

35 

83 

20 

24 

Sept 10 


100 


106 

28 

26 

Sept 11 


100 

55 

107 

24 

22 

Sept 12 


0 

40 

57 

13 

23 

Sept 13 


0 

45 

52 

14 

26 

Sept. 14 


0 

40 

74 

13 

17 

Sept 15 

14.3 

0 

48 

71 

13 

16 


Autopsy showed generalized jaundice, completely obstructed dilated bile ducts 
filled with dark green bile. The liver was fatty and histologically showed gen- 
eralized fatty degeneration with scattered liver cells undergoing hj^line necrosis, 
with resulting pohmorphonuclear leucocj'tic infiltration. Two duodenal ulcers 
were present. The other organs appeared normal. 

Two other e.vperiments of the same tj-pe on Dogs 32-270 and 32-380 
gave similar results. 

Table 35, Dog 31-203, presents some interesting data obtained from 
study of a chronically obstructed bile fistula dog which had been used 
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for 18 iiiontlis on bile salt study and had been totally deprived of bile 
with the exception of an occasional short period. 12 days after total 
obstruction occurred, a study of plasma cholesterol was begun. 

The table shows a high level for botli total cholesterol and esters but a normal 
ester ratio. For 52 da 3 's the dog ate all of its food and continued active, but at the 
end of this period began to leave food, became inactive and appeared to be going 
down hill. Cholesterol studies at this time showed a verj’' marked change. Totals 
of cholesterol are low and tlie ratio of esters to the total is much below tlie normal 
with progressive drop until tlie level of 16 per cent is readied. 

During these last 10 daj^s the dog had three large gastro-intestinal hemorrhages. 
The red cell hematocrit dropped from 34 to 10 per cent. The animal was verj’- 
weak and would not eat. Transfusions did not raise the hemoglobin. On the 
10th da}"- a large fresh blood clot was vomited. The dog was killed under gas 
anesthesia, and autopsy performed immediate!}'. The essential findings were 
generalized jaundice, multiple infected infarcts of var 3 'ing sizes in the spleen and 
kidne 3 'S. Throughout the gastro-intestinal tract were man}' fresh and old blood 
clots. In the duodenum just beyond the p 3 'lorus there were two sharply and 
deeply punclied-out ulcers with a central point from which the hemorrhages were 
occurring. 

The liver was studded with abscesses, measuring from 1 cm. to 4 cm. in diameter. 
The intra-hepatic ducts were distended with pus as were the extra-hepatic and 
common bile ducts. The ducts had thick walls. The fistula cannula was in place 
but plugged witli inspissated bile. No communication was found between tlie bile 
duct and the duodenum. Histologicall}', tlie liver showed subacute cliolangitis 
witli abscess formation. 

Another bile fistula dog (31-331) became totally obstructed and was 
kept for 7 months on a diet of white bread, klim and water with no 
bile in the intestinal tract. This animal showed high normal blood 
plasma cholesterol values with the normal ratio of esters to total cho- 
lesterol. These bile fistula animals also maintain a normal cholesterol 
ester ratio in their blood plasma all through the period in which the 
fistula is draining and tliis despite total absence of bile from the 
intestine. 

DISCUSSION 

From a consideration of these results it is evident that hypocholes- 
teremia with dissociation of tire ratio of esterified to total drolesterol 
is not due simply to parencli}Tnatous liver injury. In marked acute 
chloroform liver injury normal values for cholesterol are found whereas 
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hypocholesteremia occurs in chronic chloroform injury or in injury 
acutely produced by this drug or infection in dogs vrith long continued 
biliary obstruction. One can safety state that the above mentioned 
changes in blood plasma cholesterol are related to chronic severe injury 
of the liver. This suggests the possibility that these alterations in 
the metabolism of plasma cholesterol are a secondary manifestation 
of a chronic derangement of hepatic function. 

In all the obstructed dogs we have found a moderate increase in the 
free and combined cholesterol, but the icterus index has increased from 
zero to 50 meanwhile. Therefore the increase in cholesterol does not 
parallel the degree of jaundice as other investigators have maintained. 
In Paper 11 it has been shown that in dog’s bUe there are eliminated 
about 20 mg. of free cholesterol daily. If, as has been claimed, hy- 
percholesteremia is a result of biliary obstruction alone, then the free 
cholesterol in the blood should increase much more than the esterified 
cholesterol, and so dissociation of the ratio of esterified to total cho- 
lesterol would be expected. In our dogs a normal ester ratio was 
maintained during long periods of total obstruction. 

The hypercholesteremia observed in biliary obstruction may not 
necessarily be due to changes within the liver itself. In diabetes and 
nephrosis high blood cholesterol values are foimd but this is not at- 
tributed directly to changes in the epitheliiun of the pancreas and 
kidney. 

Quantitative study of blood cholesterol and cholesterol esters has 
been proposed as a simple test to differentiate between obstructive 
lesions and parenchymatous lesions of liver. In simple obstruction, 
the total cholesterol may be elevated with the esters rising in propor- 
tion or increasing relatively whereas in parenchjnnatous injury the 
total cholesterol will decrease and the combined cholesterol drop even 
to the point of disappearance in severe injuries. This is true in a great 
many instances but one must bear in mind the results in acute chloro- 
form poisoning where it has been shown that acute injur>' does not 
necessarilj- change the blood cholesterol. 

It should be stressed that in a dog with chronic biliary obstruction 
with total blood cholesterol values of twice normal (Table 33) this 
hypercholesteremia may be promptly reduced below normal by chloro- 
form poisoning. Therefore while biliary- obstruction may cause high 
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values for blood cholesterol, the combination of liver injury (chloro- 
form) or biliary infection (Table 35) will cause a prompt fall to 
subnormal levels. This indicates again the futility of the diagnostic 
index that hypercholesteremia means bile duct obstruction and hypo- 
cholesteremia with dissociation of the ratio of esterified to total cho- 
lesterol means liver parenchyma injury. 

It is important to emphasize the significance of the ratio of esterified 
to total cholesterol as a criterion of impairment of liver function over 
any change that may occur in the total plasma cholesterol. The 
normal maximum variation which may occur in the total plasma cho- 
lesterol is very wide, but the ratio of esterified to total plasma clioles- 
terol is more constant (from 40-70 per cent). The constancy with 
which this ratio is maintained in dietary extremes and disturbed liver 
function indicates a physiological process capable of great compensa- 
tory effort. "When values for the ratio of cholesterol esters of tlie 
plasma fall below the “low normal” it is an indication of impairment 
of the functional capacity of the liver. 

It is obvious that the cholesterol analysis like other tests for liver 
function and liver injury has its limitations and alone will not write 
the diagnosis for the clinician. The test brings evidence wHch has 
weight but must be considered together with all other available data 
to give a better understanding of liver function and disease. 

SUMMARY 

Hypocholesteremia with dissociation of the normal ratio of esterified 
to total cholesterol is related to chronic liver injury caused by chloro- 
form. 

Hypercholesteremia may develop after prolonged biliary obstruc- 
tion. 

The hypercholesteremia of chronic biliary obstruction may be 
promptly reduced below normal by chloroform poisoning or bile duct 
infection. 

Acute injury of liver due to chloroform anesthesia may cause no 
change in blood plasma cholesterol. 

Absence of bile in the intestine with faulty fat absorption does not 
cause the development of hypocliolesteremia mth dissociation of the 
ester ratio. 
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Poor food consumption or short periods of fasting may cause no 
change in blood plasma cholesterol. 

Liver cells injured by chloroform may subsequently become resis- 
tant to chloroform. 

After prolonged biliary obstruction, the liver is apparently more 
sensitive to small doses of chloroform by mouth. 

Analysis of blood plasma cholesterol may have a clinical applica- 
tion in differentiation between simple obstructive and parench3rma- 
tous lesions of the liver. 
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A SEROLOGICAL DIFFERENTIATION OF SPECIFIC TYPES 
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In a preceding paper (1) it was shown that hemolj’tic streptococci isolated from 
man, lower animals, and dair^’^ sources can be differentiated into serological groups, 
which correspond, in general, to those described by other investigators on the 
basis of cultural and biochemical characteristics. The experimental eyndence 
indicates that the so called C substances, upon which the group spedfidtj- depends, 
belong to the general of carbohj-drates, and that in each group this determina- 
tive substance is chemically distinct and serologically specific. In the particular 
series of strains on which this investigation was based the serological groups were 
found to bear a certain relationship to the origin of the cultures: Group A is com- 
posed largely of strains of human origin; Group B of those derived from mastitis in 
cows and from normal milk ; Group C of those from various lower animals, includ- 
ing a number from cattle; Group D comprises in this series hemoh-tic streptococci 
from cheese; and Group E is made up of a few strains isolated from certified milk. 
Probably additional groups exist 

In stiU earlier work (2) the occurrence of serological types within Group A was 
determined by means of agglutination reactions combined with mouse protection 
tests. Later (3) it was demonstrated that specific tj^pes differentiated among 
Group A strains by use of the precipitin reaction correspond with those previously 
classified bj- the methods of agglutination and mouse protection. In these later 
studies, the so called M substances, responsible for tj-pe specificity among the 
members of Group A, were sho\Mi to be protein in nature. This is in contrast to 
the fact that the so called S substances, which determine the Upe specificity of 
certain encapsulated bacteria, have usually proved to be poh-saccharides. With 
the possibility in mind that U'pe spedfidty among certain hemolytic streptococci 
might in some instances be dependent upon polysaccharides, a search for mucoid 
and encapsulated strains was undertaken. No human strains, however, were 
encountered containing any other t>-pe-Epedfic substance than the protein, M. 
It was soon found, on the other hand, that the members of Group B, chiefly of 
bo\’ine origm, fell into distinct t>-pes, the serological spedfidtj- of which 
indeed, determined by the presence of specific polj-saccharides. 

The purpose of the present paper is to define the serological tj-pes 
found in Group B hemolytic streptococci, those derived from mastitis 

•HI 
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in COWS and from normal milk, and to present the data thus far avail- 
able with respect to the chemical composition and immunological 
properties of the type-specific polysaccharides of two of the three 
specific types differentiated within this group. For purposes of 
comparison the data are also included showing the chemical prop- 
erties of the carbohydrate, C, the group specific substance common to 
all organisms of Group B irrespective of their type differentiation. 

Differentiation of Specific Types of Group B Hemolytic Streptococci by 
the Method of the Precipitin Reaction 

Twenty-one strains, classified serologically as members of Group 
B by means of the precipitin reaction, were available for the present 
study. Their origin and group characteristiqs — cultural, biocliemical, 
and serological — have been recorded previously (1). ^Vllile the exist- 
ence of specific types within this group was readily apparent, the ulti- 
mate differentiation was greatly facilitated by the production and use 
of antisera in which the type-specific precipitins were the dominant 
antibodies. The following methods, while by no means infallible, 
were of assistance in accomplishing this classification. 

M ethods 

1. Immunization of Rabbits . — ^Tbe most satisfactor}-^ method for inducing 
antibodies against polysaccharides was that of intravenous injection of rabbits 
with formalinized cultures. The cultures were prepared by resuspending tlie 
bacterial cells from 16 hour broth cultures in 0.85 per cent NaCl solution contain- 
ing 0.2 per cent formalin. The volume was 1/20 that of tlie original culture. 
After 48 hours in the ice box, the bacterial suspensions were usually sterile. 
Immediately before use, these suspensions were diluted 20 times with physiological 
salt solution; then repeated courses of 1 cc. amounts were injected intravenously 
into rabbits daily for a week, followed by a week’s rest. The antibody response 
depended somewhat upon the total dosage and the number of series of injections 
given. Thus, after one series of injections, tl:e precipitin for tlie group-specific 
polysaccliaride, C, was often present almost to the exclusion of other antibodies. 
After tlie second or third series of injections with the same dosage as the first, the 
concentration of the group-specific anti-C precipitin increased and the tj’pe-specific 
antibody began to appear. Thereafter, the anti-C precipitins frequently- decreased 
in concentration or even disappeared completely, while the type-specific anti-S 
precipitins usually increased. Sometimes, however, one or the otlier of these 
antibodies was markedly predominant in tlie serum throughout the course of the 
immunization, while in other instances the titer of both antibodies miglit be 
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equally Hgli or low. In some of the rabbits which showed a poor antibody re- 
sponse, the dosage nris increased after four or five courses of injections to as much 
as 20 times the original amount. After this prolonged and intensive immuniza- 
tion, some rabbits finallj' developed predpitins in their sera for extracts of the 
homologous organism; but these antibodies proved to be not entirely tj'pe-spedfic, 
although they tended to show a certain degree of strain spedfidtj-. They were, 
moreover, antibodies for protein substances rather than for poh-saccharides. 
The predpitin tests with this kind of antiserum were confusing, since the pre- 
dominant reaction appeared to indicate a strain spedfidty dependent upon a pro- 
tein. The exact immunological rdationship of this protein to the other protein 
constituents of the cell could not be determined, even though numerous absorption 
experiments were performed for the purpose. For type differentiation, therefore, 
it was found desirable not to resort to large doses of formalmized culture in the 
immunization of rabbits but to use small doses in repeated series of injections. In 
every case it was essential to determine as far as possible, the kinds and relative 
concentrations of antibodies present in a given serum before emplojdng it for 
dassification of hemoh-tic streptococd. 

2. Specific Absorption of Antisera . — ^In the experiments here reported it was 
possible to use the direct predpitin test for differentiating the hemol>'tic strepto- 
cocd of Group B into specific tj^pes. This was accomplished by emploj-ing sera 
containing a high titer of anti-S predpitins and low titers of anti-C predpitins and 
antiprotein predpitins of undetermined spedfidty. UTien purely t\-pe-specific 
antisera were lacking, however, the following method was employed. Sera con- 
taining a mixture of antibodies of rdativdj' high titers were absorbed with heat- 
killed streptococd bdonging to Group B but heterologous in tj-pe to the strain 
used in preparing the serum. Control serum was absorbed with the homologous 
strain. The bacteria, centrifuged from broth cultures, were suspended in physio- 
logical salt solution and heated at 56°C. for 1 hour. The centrifuged organisms 
were mixed with an equal volume of undiluted serum. After 30 minutes’ incuba- 
tion at 37°C., the serum was separated from the bacteria by centrifugation and 
tested for heterologous predpitins. If absorption was incomplete, the process was 
repeated. It vas thus possible to study the antibody content of sera and to deter- 
mine certain relationships between indiddual strains. 

o. Preparation of Extracts . — ^The extracts were prepared by heating the bacteria 
suspended in n 720 HCl as predously described (1). This crude extract was used 
in some instances, but in others, further separation and concentration of the active 
substances was accomplished by fractional predpitation with alcohol. After the 
addition of two to three volumes of 95 per cent ethyl alcohol, a predpitate appeared 
which vas separated and, on resolution, was found to contain most of the tj-pe- 
speafic S substance, together with more or less irrdevant protdn material. The 
confusion arising in the serological relationships of these proteins was avoided as 
much as possible by using antisera uith as litUe anUprotein predpitin as possible. 

The supernatant alcoholic fluid, which was removed from the predpitated S 
substance, vas concentrated on the steam bath and was found to contain most of 
the group-spcdfic carbohydrate, C. 
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4. Digestion tvilh Trypsin . — ^To test the effect of trj'psin on the serologically 
active substances extracted from tlie bacteria, the follo\\ing technique was em- 
ployed. A 2 per cent suspension of Fairchild’s trypsin in physiological salt solu- 
tion was incubated for 10 minutes in a water bath at ZTC. After centrifugation, 
the supernatant fluid was made alkaline to phenolphtlialein. Part of the enzjrae 
solution was inactivated by heating for 10 minutes in a boiling water batli. Equal 
parts of the active and inactive solutions w'ere mixed respectively ndtli equal parts 
of tlie bacterial extract. If necessarjq toluene and cldoroform were added as pre- 
servatives. The mixtures were incubated for periods var 3 dng from 10 minutes to 
6 days. Samples were removed at intervals and the trypsin inactivated by heating 
for 10 minutes in a boiling water bath. Precipitin tests were made on these 
samples to determine whether tlie serologically active substances originally present 
in the extracts were undigested. The activity of the trjqisin was insured by prov- 
ing its abUity to digest a knorni tj'pe-specific protein, M, of a Group A strain (4). 
Fresh trypsin was added if shoivn necessar^q and tlie digestion was continued as 
long as desired. 

5. The Precipitin Test . — ^To serial dilutions of tlie extract, a constant volume of 
0.2 cc. of undiluted serum was added and layered. Usualljq tubes were set up 
containing 0.4 cc., 0.1 cc., and 0.025 cc. of extract in a volume of 0.4 cc. Controls 
with physiological salt solution plus serum, and with extract plus normal serum 
were included. After 20 minutes in a water bath at S7°C., tlie mixtures were 
observed for ring formation, then shaken and reincubated. Preliminary readings 
were made after 2 hours in the water bath, and final readings after standing over- 
night in the ice box. 

The results of the precipitin reactions with crude hydrochloric acid 
extracts are given in Table I. The data recorded in the last three 
columns show that all 21 strains are members of Group B, as indicated 
by their positive reactions with an antiserum in wliich the group, or 
anti-C, precipitin, is predominant. The results recorded in Columns 
2 to 10 show the serologically specific types into which these organ- 
isms have been subdivided by the use of antisera containing the type- 
specific, or anti-S, precipitin as the dominant immune body. Using 
unabsorbed antisera, all except three of the 21 strains of hemolytic 
streptococci studied were differentiated serologically into three sharply 
defined and specific types: four strains in Type I, eight in Type II, 
and six in Type III. Extracts of most strains of a given type reacted 
specifically with an antiserum of the homologous type, and gave little 
or no cross-reaction with immune sera of the heterologous types. 
Usually, in fact, no reaction was observed in heterologous sera at the 
end of the incubation period, and evidence of slight cross-precipitation 
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was only detectable after the reaction mixtures had stood overnight 
in the ice box. In nearly all instances the unpurified hydrocliloric 
acid extracts gave entirely unequivocal results. 

The three exceptional strains (K 127 in T 5 Te I, and B 115 and B 135 inT 3 T'e 
III) seemed to contain minimal amounts of type-specific substance as showm by tlie 
slight precipitin reactions with antisera whicli proved later to be of the homologous 
type, and by the slight amount of tj^pe-specific antibody demonstrable in the 
serum of rabbits immunized witli these organisms. Extracts of Strains B 115 and 
B 135 containing tlie tj'pe-specific substances concentrated b}’’ precipitation vitli 
alcohol were of sufficient potency to prove by the precipitin reaction that these 
strains belonged in T 3 'pe III. The fact that Strain K 127 belonged in T 3 'pe I 
w'as indicated b 3 ' the use of simUarb' concentrated extracts and was further verified 
by preparing antisera with this organism whicli reacted specificall 3 ’' with a purified 
preparation of a known T 3 Tpe I pob'saccharide and afforded mice protection against 
other strains belonging to T 3 'pe I. 

Similarty, the low content of t 3 'pe-specific substance ma 3 ' account for tlie diffi- 
culty in classif 3 dng Strains B 125, B 126, and K 126. This deficienc 3 ' was sug- 
gested by the total lack of any demonstrable t 3 'pe-specific antibodies in die serum 
of rabbits immunized witli these strains. 

The classification shown in Table I was confirmed in numerous ex- 
periments by specific absorption of antibodies in the manner detailed 
under methods. An example is given in Table II. 

One portion of Serum R 36-60, from a rabbit immunized vith Strain 0 90, 
Type I, was absorbed witli heat-killed bacteria from a different T 3 ’pe I strain 
(K 158 A) ; and a second portion with bacteria from a T 3 "pe II strain (C 69) ; a tliird 
portion was kept as a control. In tliis particular experiment, tlie serum was 
diluted with equal parts of pltysiological salt solution. Absorption was repeated 
a second time. The sera were then tested ivitli several extracts of organisms of 
homologous and heterologous t 3 Ties, as shorni in Table II. 

The serum had a high titer of both group- and t 3 ’pe-specific antibodies, as shown 
by the reactions of the unabsorbed serum with crude extracts of strains of all tliree 
t 3 'pes, by the reactions witli a purified preparation of t 3 'pe-specific S substance of 
the homologous Type I strain, and by tlie reactions iritli tlie purified group-specific 
C substance. Two absorptions ivith a strain of homologous type (K 158 A, T 3 Tie 
I) removed all antibodies from the serum. Similar absorptions iritli a strain of 
heterologous type (C 69, Type II) removed the group-specific antibody for C, as 
shown by the negative reactions with the crude extracts of T 3 q)e II and T 3 iie III 
strains, and by the negative reaction with tlie purified group-specific substance, C. 
Absorption with this heterologous T 3 T)e II strain did not, however, remove the 
antibod 3 ' for the T 3 'pe I specific pofi-saccharide, for the absorbed serum still 
reacted specifically irith all preparations containing the Type I S substance. 
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In the course of these experiments, some difficulty and irregularity 
was encountered in the absorption of sera having a high concentration 
of antibodies for protein substances. Since, however, the antisera 
useful for type classification did not contain much antiprotem pre- - 
cipitin, this difficulty is not significant in the work reported here. 

The type differentiation above detailed was confirmed by passive 
protection tests in mice where virulent strains were available. 

Only two of the 21 strains were suffidently virulent for this purpose and these 
both belonged to Tj-pe I. They killed mice regularly in doses ranging from 10“® 

T.ABLE n 

Ahsorplion Experiment to Confirm Type Differentiation 


Type I serum, R 36-60 


Extract used in predpitin reaction 

Unnbsorbed 
control serum 

Absorbed ^th 
Strain K 158 A 
Type I 

Absorbed 
rntb Strain C 69 
Type II 

Tj-pe I Strains 



i 

(1) 0 SO 

+++ 

— 


(2) K. 158 A 

-f-h+i 

— 

-f-h 

(3) K 107 

++-r 

— 

-f± 

(4) K 127 

•f+i 

— 

■T-i 

Type n Strain 




(1) B 112 


— 

— 

. Tj-pe m Strain 

• 



(1) K 198 

-I- 

— 



Purified substances from Strain 




0 90 (TjTie 1) 




(1) Tj-pe-spedfic (S substance) 


— 

t t 

"I — r 

(2) Group-spedfic (C substance) 


— 



cc. to 10 ® ca of an 18 hour broth culture. All other strains were of such low 
virulence that even doses of 10“' cc. did not kill mice, and in many instances 
0.5 cc. was non-fatal. 

The mouse protection tests were performed as follows: 0.5 cc of serum was 
injected intraperitoneally into each mouse; the follor^•ing day, 0.5 cc. of the appro- 
priate dilution of a 16 hour broth culture, diluted serially in broth, was also injected 
intraperitoneally. .•MI mice suivi\-ing the 10 day period of observation were con- 
sidered effectively protected and were recorded as Eur\-ivors. Estimations of the 
number of organisms in a given inoculum were made by plating in blood agar 0.5 
cc. amounts of the three highest dUutions of the culture', and counting the colonies 
after 48 hours’ incubation at 37"C. 
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The results of the protection tests against the virulent Type I strains 
(0 90 and K 158 A) are shown in Table III. Type I antiserum 
afforded protection to mice against 10 to 100 million fatal doses of 

TABLE HI 


Cross-Protection Tests in Mice to Confirm Type Dijfierentiation 
The Two Virulent Type I Strains Tested with Sera of Homologous a7id Heterologous 

Types 


Culture 

Wrulence controls 


Antiserum against 

No scrum 

Normal scrum 

Strain 0 90 
Tj-pc I 

Strain V 9 
Type II 

Strain M 216 
Type III 

cc. 

* Strain 0 90 
T3T3e I 






10-8 

D 53 hrs. 

— 

— 

— 

— 

10-’ 

D51 “ 

— 

— 

— 

— 

10-6 

D48 “ 

D 41 hrs. 

s 

D 40 hrs. 

D 41 hrs. 

10-6 

D 48 “ 

D 41 " 

S 

D65 “ 

D41 “ 

io-> 

D 72 “ 

D41 “ 

s 

D41 » 

D41 “ 

10-8 

D21 “ 

D42 “ 

s 

D41 “ 

D23 “ 

10-2 

D 17 “ 

D17 “ 

s 

D 17 *' 

D 17 " 

10-1 

D 17 “ 

D17 “ 

! s 

D 17 “ 

D 17 “ 

t Strain K 158 A 
Type I 




1 


10-8 

S 

— 

s 

S 

I JS 

10-7 

D 42 hrs. 

— 

s 

S 

D 65 hrs. 

10-6 

D 42 “ 

— 

s 

D 41 hrs. 

S 

10-6 

D 18 “ 

— 

s 

D41 “ 

D 41 hrs. 

10-^ 

D33 “ 

— 

s 

DS9 " 

D65 " 

10-8 

D 18 " 



s 

D41 " 

D 160 “ 

10-2 

D 18 “ 



s 

D IS ■' 

D116 “ 

10-1 

D 18 “ 

— 

s 

D 17 ■' 

D IS “ 


S indicates survival for 10 da 3 ’’s. 

D indicates death -within the number of hours indicated. 

— indicates test omitted. 

* Estimated by plate counts as 346 million colonies per cc. 
t No colony counts made. 

I For this test a Tj'pe III serum prepared against Strain B 63 was used. 

cultures of the homologous type, wliile T3q3e II and Type III antisera 
gave no protection Avhatever against these strains. In the control 
series, without serum or with normal serum, no protection was ob- 
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sensed. The Type I serum used in the experiment recorded in Table 
n was prepared by immimization of rabbits with Strain 0 90. Similar 
tests ■ndth sertun prepared with another strain of Type I (K 127) also 
resulted in protection of the mice. 

It is interesting to obser\'e that type-specific protection is effective 
in Group B when infecting organism and specific immune serum are 
injected simiiltaneously. With Group A organisms, in which the type- 
specific substance is a protein, it is necessary to inject the antiserum 
at least 8 hours before the infecting organism in order to demonstrate 
protection; but with Group B organisms, in which the type-specific 
substance is a polysaccharide, the simultaneous injection of the organ- 
ism and its homologous antiserum results in specific protection of the 
mice, as is also true with certain other bacteria, such as the pneumo- 
coccus, in which a polysaccharide is the type-specific substance. 

The Agglutinalioit Reaction 

The method of agglutination was used in an attempt to differentiate 
these Group B strains into tj'pes before the method of specific precipi- 
tation was adopted, but it was only partially successful on account of 
the particularly troublesome cross-agglutinations among these strains. 
MTiile this difficulty might have been overcome by emplojdng specifi- 
cally absorbed sera in the agglutination reaction, it seemed more con- 
Ndncing, as well as easier, to use the direct precipitin test for the t>"pe 
classification rather than to rel}’- entirely on the results obtained with 
absorbed sera. With the precipitin test, the tj^pes were sharply and 
unequivocally defined where certain antisera were used, although the 
agglutination test with these same sera jdelded many confusing cross- 
reactions. 

The agglutinations were perfonned by diluting the serum in infusion broth and 
mbdng 0.5 cc. of scrum dilution with 0.5 cc. of 18 hour broth culture. If the 
culture showed any tendency- to agglutinate spontaneously, it was washed and 
resuspended in fresh broth before use. The tests were read" after 2 hours’ incuba- 
tion at 56°C. 

Table R’ shows the results of the agglutination reacdons of one strain in each 
t\-pc giving the most marked t>-pe-spedfic reaction, and of one strain gi\ing the 
most marked cross-reaction. The sera were those used for U-pe differentia don 
with the prccipidn rcacdon (recorded in Table I). With mos't T^pe I strains 
O 90 for e.xamplc, there was vcr>- little cross-aggludnadon in the sera of other t>-pes! 
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althougli with such strains as K. 127, containing minimal amounts of tj-pe-spedfic 
substance, considerable cross-reaction was observed. Because the Tj-pe I serum 
employed gave only slight cross-reactions with strains of other t}’pes, the aggluti- 
nation test was of value in dassifjing the Tj-pe I strains. The agglutinated 
organisms coalesced into a compact disc, like that seen in tj-pe-spedfic pneumococ- 
cus agglutinations in contrast to the less compactly agglutinated mass usual in 
streptococcus agglutinations. A further similaritj- with pneumococcus agglutina- 
tions was the low agglutinin titer attained, usuallj- about 1-80 and not often exceed- 
ing 1-320. Between Tj-pes If and IH strains and sera there was a large amount of 
cross-reaction, so that it was impossible to classifj' most stra i ns of these two tj-pes 
by the simple agglutination test Thus, Strain B 132, the most specifically react- 
ing strain of Tj-pe 11, still showed considerable cross-agglutination in Tj-pe lU 
serum. Among Tj-pe III organisms, Strain K 151 A gave specific reactions, but 
most other members of this tj-pe gave cross-reactions like that shown bj- Strain 
B 63. With these two tj-pes, espedallj- T\-pe III, the agglutinated organisms 
coalesced less firmlj- into discs than the organisms of Tj-pe I, and the agglutinin 
titers reached the high level commonlj- foimd among antisera for streptococd of 
other groups. 

The sera used for these agglutinations were selected for their low 
content of non-type-specific antibodies, and did not give much cross- 
reaction when used in the precipitin test (Table I). In the agglutina- 
tion reaction, however, which is a more sensitive test for antibody, 
even this low concentration of group antibodies was sufiScient to give 
marked cross-reactions. Since other sera, containing a higher con- 
centration of group antibodies gave much more cross-agglutination, 
this reaction seemed less well adapted than the precipitin test for the 
study of the classification and antigenic composition of these strains 
of hemolytic streptococci. 

The Chcmica] Nature of the Substa7iees Determining Group and Type 

Specificity 

It may be recalled that tj-pe specificitj’’ among Group A strains 
depends upon bacterial proteins, the so called hi substances (3). 
The occurrence, therefore, of tj-pe-specific carbohydrates, previously 
unknown among hemolytic streptococci, was of particular interest in 
the typing of Group B strains. 

The formation of tj-pical disc-like precipitates, so generally characteristic of the 
union between bacterial polysaccharides and their corresponding predpitins, was 
the first suggestion of the jwssibility that the reactive substances in this group 



452 


TYPES OF BOVINE HEMOLYTIC STREPTOCOCCI 


were carbohydrates rather than proteins. Disc formation was particularly marked 
with T 3 ’’pe I strains, although ph 3 ^sical conditions, such as the relative concentra- 
tions of the reactive substance and its antibody, and the amount of shaking whicli 
the mixture received during incubation, played an important role in determining 
the character of the disc. There was a slightly greater tendency toward the for- 
mation of coarse, loose discs with T 3 'pe II strains, and onl 3 ’’ under optimal condi- 
tions did T 3 'pe III strains form characteristic discs. Furdier investigation 
indicated, however, that the poorer disc formation probabl 3 ’' resulted partl 3 ^ from 
a lower concentration of t 3 ^pe-specific antibod 3 ', and partly from an admixture of 
other reactive substances, protein in nature, which combined with group antibody 
present in tlie serum. This was evident in tests made with serum from w’hich 
all except the type antibod 3 '’ had been absorbed, after w'hicli the t 3 ’pe-specific 
precipitates appeared as more characteristic discs. 

Digestion experiments with trypsin also suggested the polysacclia- 
ride nature of these type-specific substances of members of Group B. 
Discs typical of polysaccliarides still occurred after digesting the ex- 
tracts with trypsin; and the type-specific reactivity of these extracts 
was not diminished by even 6 days of tryptic digestion. 

This additional indication of the non-protein nature of the reactive 
substances led to the preparation and purification of the so called S 
substance for the purpose of chemical analysis. For comparison, tlie 
group-specific C substance, also present in the crude bacterial extracts, 
was separated and analyzed at the same time. 

Since the culture fluids contained only small amounts of either substance, it was 
necessary to extract the bacteria after centrifugation from tlie 0.1 per cent dextrose 
infusion broth, in which they were growm. The bacterial sediment was extracted 
by heating with n/20 h 3 ^drochloric acid, as already described (1). The extract 
from the T 3 'pe I culture. Strain 0 90, was then purified by repeated precipitations 
with three volumes of 95 per cent eth 3 i alcohol. After dialyzing and dx 3 ing, this 
preparation (0 90, S 6, in Table V) was anatyzed chemically and found to be 
essentially of polysaccharide composition.^ It gave negative protein tests with 
the biuret reaction and trichloracetic acid, but it gave a ver 3 ' strongly positive 
Molisch reaction. The total nitrogen, probably largely impurity, was 2.14 per 
cent; and reducing sugars, calculated as glucose, after acid h 3 'drol 3 ’sis were 76.8 
per cent; the acid equivalent was 5230; the optical rotarion w-as - 4.8°. The sub- 
stance reacted in homologous immune serum in a dilution of at least 1-3,000,000. 


'■ I am greatly indebted to Dr. W. F. Goebel for much adrice in the prepararion 
of these substances, and to Dr. Goebel and Dr. F. H. Babers for all of the analyses, 
whicdi the 3 ' were kind enough to perform. 
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WTien the foregoing analysis was made, the existence of the carbo- 
hydrate, C, specific for all Group B hemolytic streptococci, was un- 
known. Following the discovery of this substance, the above prepara- 
tion of I specific polysaccharide was retested serologically and 

found to be a mixture of the type-specific S substance and the group- 
specific C substance, as shown by the precipitin tests recorded in the 
last four columns of Table V. 

These two substances were therefore separated from each other b}- fractional 
precipitation with alcohol of a concentrated solution of preparation 0 90, S 6. 
The S substance was precipitated with two volumes of 95 per cent ethyl alcohol, 
while the C substance required a higher concentration of alcohol for complete 
precipitation. These two fractions were then dialyzed and dried as before. The 
analj-ses, given in Table V (0 90, S 6a, and O 90, C 6), show that both are in all 
probabilit}' pob’saccharides. The fraction containing the S substance still gave 
a tj^pe-spedfic precipitin test in a dilution of at least 1-3,000,000, but no longer 
reacted with serum containing the group antibody. The fraction containing the 
C substance, on the contrarj’, gave no reaction with purely tj-pe-spedfic antisera, 
but gave a specific predpitate in a dilution of at least 1-4,000,000 with antisera 
rich in group-specific antibody. 

The material from the Type 11 strain, V 9, was similarly extracted. 

One lot, prepared by repeated predpitation with alcohol, jaelded a small amoimt 
of ver>' impure S substance; although the C substance, collected from the same lot, 
was more successfully purified. Its characteristics are recorded in Table V (\' 9, 
C 1). A second lot of S substance aas collected from Strain V 9 and purified bv 
predpitating the impurities with trichloracetic add, as suggested by Goebel (5). 
The S and C substances, freed of protein by this method, were then separated by 
fractional predpitation with ethyl alcohol. The anal>-sis of the tj-pe-spedfic S 
substance from this preparation is given in Table V (\' 9, S 3). 

The data presented in Table V indicate fairly clearly that the group- 
specific C substance and the type-specific S substances of Tj'pes I 
and II are carboh}'drate in nature. Due to the great difficulty in 
obtaining more than ver>' small amounts of these substances, fuller 
chemical data are not available. For the same reason, no analysis 
was made of the S substance characteristic of Type m strains. 

All of the S and C preparations analyzed (Table gave negative qualitative 
protein tests; most of them showed a total nitrogen content of approximately 2 
per cent, part of \^hich may be due to impurities. All gave very strong ?»Iolisch 
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reactions, even in considerable dilution; and after add hydrolysis the reducing 
sugars, calculated as glucose, varied from 40 to 77 per cent in the different prepara- 
tions. The differences in the groupy-spedfic C substances in preparations from the 
strains representing Tj-pes I and If were presumably due to the presence of impuri- 
ties, for, serologically, these two preparations were identical in their reactions. 
The S preparations, on the contrarj', were serologically distinct in each tj-pe and 
reacted only with antisera of the homologous tj-pe. 

To summarize, the chemical analj'ses, together with the non-diges- 
tibUity with trj^sin, and the formation of disc-lihe precipitates, seem 
sufficient evidence to characterize as potysaccharides the group-spedfic 
C substance and the t>T3e-specific S substances (T^-pes I and 11) iso- 
lated from members of Group B hemolytic streptococci. 

DISCUSSION 

The data presented show that the hemoljrtic streptococci, differen- 
tiated into Group B by the serological methods described in a pre- 
ceding paper (1) can be further subdidded into specific tjpes. 
Although the agglutination reaction was found rmsuitable for differen- 
tiation of types on accormt of the large amount of cross-agglutination, 
the precipitin reaction proved suitable for this classification imder 
proper precautions. The principle involved was the production of 
immune sera in which the t 3 pe-specific antibody was predominant. 
This was achieved, to a certain extent, by the particular method of 
immunization and also by the method of selective absorption of the 
antisera. Tjpe-specific antisera thus prepared were used with bac- 
terial extracts in the precipitin reaction to differentiate into specific 
tjTJes the 21 strains of Group B hemolytic streptococci which were 
available for this study. With three exceptions, these strains fell 
into three specific tj^pes. Passive protection tests in mice furnished 
confirmatoiy^ e\’idence of this specific t>T>e classification. 

The purified tj-pe-specific substances obtained from bacterial ex- 
tracts of representatives of T>'pes I and 11 were analyzed chemically, 
and even though the small amount of available material precluded full 
chemical analyses, the data indicate that the tj-pe-spedfic substances 
belong to the class of carbohydrates. The eddence for their non- 
protein nature is further supported by the complete failure of trv-psin 
to destro}' them. .Although a chemical analysis of the Tj-pe III 
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specific substance was not made on account of the difiiculty of obtain- 
ing material, its resistance to prolonged tryptic digestion was con- 
sidered sufficiently conclusive evidence of its non-protein nature. 

For purposes of comparison with these type-specific polysaccharides 
(designated as S substances), the chemical analysis is also given of the 
substance (designated as C) whicli determines the group specificity 
of all members of Group B irrespective of type. As previously shown 
(1), substances identical in their serological reactions are obtainable 
from all members of Group B ; and the data, while insufficient to es- 
tablish the chemical identity of the C substances extracted from differ- 
ent strains, are, nevertheless, sufficient to show that the C substance 
in the different preparations is in every case of carbohydrate nature. 
Each member of Group B hemolytic streptococci contains, therefore, 
one polysaccharide, C, which determines its group specificity, and 
another polysaccharide, S, which determines its type specificity. 

The recent work of Stableforth (6) also demonstrated specific types among 
streptococci of bovine origin. The strains studied by him were classified into 
groups on the basis of cultural and biochemical tests. The group containing all 
of tlie hemolytic strains in his collection also included a large number of non- 
hemolytic strains. He suggests, on the basis of certain observations made in the 
course of his work, the possibility of a change in hemolj'tic properties, but reserves 
the further consideration of such a possibility until more evidence lias accumu- 
lated.® With the exception of the non-hemob’^tic strains, the biochemical and 
cultural properties of the streptococci designated by Stablefortli as “Group I” 
correspond to those here included in Group B. Using the precipitin reaction, as 
well as Griffitli’s slide agglutination tedinique (7), mth botli absorbed and unab- 
sorbed sera, Stableforth was able to classify the 91 strains of "Group I” into tliree 
distinct serological types. It is not known whether these tjTpes correspond to tliose 
found among the Group B strains studied here. 

Stableforth’s comprehensive study was not concerned with the chemical nature 
of the determinative type-specific substances, and he supposed, on account of the 
character of the precipitates formed at 50-55'’C., that tlie type-specific substances 
were protein in nature, and similar to the tj'pe-spedfic substances of hemolytic 
streptococci of human origin. In view of the present study, it seems more prob- 
able, however, that the non-disc-like cliaracter of the type-specific precipitates 
observed by Stableforth was due, ratlier to pl^sical factors, such as the relative 
concentrations of tire reactive substance and antibody, or possiblj' tlie higher tem- 


» A report of a change in the hemolytic properties of one Group B strain included 
in the present studies will be the subject of a subsequent paper. 
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perature used in incubation, than to the presence of tiTJe-spedfic substances of 
protein nature. 

A summary of the differentiation of hemolytic streptococci, thus far 
achieved, is given in Table W, which also contains the results of the 
study of the chemical nature of the determinative substances in so far 


TABLE VI 

Summary of the Serological Differentiation of Hemolytic Streptococci into Groups and 

Types 


Hemolytic strepto- 
cocci differentiated 
into groups by 
precipitation Trith 
group-spedfic 
substance, C, 
a polysaccharide 

Chief source 

No. of 
strains 
studied 

Type specificity within the group determined by 

Group A 

Man 

23* 

Precipitation with type-specific protein, 
M, agglutination, and mouse protection. 
Many types 

Group B 

Catde 

21 

Precipitation with t>’pe-specific poly- 
saccharide, S; and in some instances 
agglutination and mouse protection. 
3 tjpes include all but 3 of these strains 

Group C 

Various animals: 
cattle, guinea 
pigs, rabbits, 
horses, swine, 
chickens, foxes 

49 

Not well studied 

Group D 

Cheese 

S 

« (( If 

Group E 

Certified milk 

3 


Unclassified 

Man, cattle 

2 



* Many more strains of human origin have been tested and found positive for 
the presence of the C substance characteristic of Group A, but only 23 were used 
in the particular study (1) in which the group classification was made. Other 
Group A strains have also been classified as to tj-pe by the precipitin method (3 
8, 9). 

as they are now known. It is evident that there exist groups (1) 
having more or less common animal origins, and that each group 
elaborates a carbohydrate substance (C) upon which the primarv' 
classification depends. The chemical nature of the substances re- 
sponsible in any particular group for the further division into tj-pes is 
unpredictable and can only be determined e.xperimentally. Previ- 
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ously (3) it was established that the serological differentiation into 
types among the members of Group A is determined by a protein (j\I). 
The present work, on the other hand, shows that the types existing 
among members of Group B are differentiated by carbohydrates 
specific for each type. 

SUMMARY 

1. Hemolytic streptococci of Group B (derived cliiefly from cattle) 
have been further subdivided by use of the precipitin reaction into 
specific types. 

2. With three exceptions, the 21 strains of Group B were differen- 
ated into three specific types. 

3. Chemical analyses of the type-specific substances of Group B 
strains of Types I and II show that they are polysaccliarides (S sub- 
stances). This is in contrast to tlie fact that proteins (M substances) 
were previously shown to determine type specificity among strains of 
human origin (Group A) . 

4. The group-specific substance, C, serologically identical in all 
members of Group B, was also identified as of polysaccharide nature. 
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LOSS OF THE PROPERTIES OF HEMOLYSIN AND PIGMENT 
FORMATION WITHOUT CHANGE IN IMIvHjNOLOGICAL 
SPECIFICITY IN A STRAIN OF STREPTOCOCCUS 
HAEMOLYTICUS 

By REBECCA C. LANCEFIELD, Ph.D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 

(Received for publication, December 30, 1933) 

The evidence presented in this paper shows that a strain of hemoly- 
tic streptococcus lost its functions of producing hemolysin and pig- 
ment but retained its serological specificity. 

Valentine and Krumwiede (1) reported alterations in a culture of hemolytic 
streptococcus of human origin which resulted in a suppression of the power to 
elaborate hemolysin. Among numerous strains of hemolytic streptococci in- 
vestigated by them one gave rise, after repeated subcultures, to about 10 per cent 
of non-hemolytic colonies which were surrounded by a green zone, while the re- 
maining colonies were normally hemolidic. Subcultures from LndiHdual colonies 
of both forms remained constant in their effect on blood, but the organisms were, 
neverthdess, immunologically identical in so far as could be determined by im- 
mune sera prepared against pure cultures of each form. The itmnunological 
identity of the two strains was established by the reactions of agglutination and 
agglutinin absorption. The hemolytic form was sh'ghtly more virulent than the 
non-hemolytic, although in both instances the \Trulence was so low as to be of 
doubtful significance. The fact that mouse passage enhanced the \"irulence of 
the non-hemolj'tic form without restoring its hemolytic power indicated that the 
two functions were probably unrelated. 

Todd (2) obseiv'ed that the property of producing hemolysin disappeared in two 
strains of Streptococcus hacmolyticus as the \Trulence of the organisms was increased 
by mouse passage. The formation of hemol>-sin by these strains was greatly in- 
fluenced by growth under reduced oxj-gen tension. The ^•iruIent form, which was 
non-hemol\-tic in the presence of or\-gen, was, when grown under anaerobic con- 
ditions, almost as hemolytic as the original a\-irulent organism. After many 
transfers on artifidal media, the streptococci regained their hemoU-tic property 
and lost progressively their \'irulence for mice. This reversion, together with the 
fact that the cultures were alwa>-s hemolytic in the absence of oxj-gen, was con- 
sidered suflident identification of the organisms as modified forms of Streptococcus 
hacmolyticus. In a subsequent study of one of these strains, the immunological 
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identit}’- of the two forms was established bj-- type-specific (M) precipitin reactions 
and mouse protection tests (3). 

A somewhat similar change to that obser\'ed by Todd as occurring during mouse 
passage was reported recently by Fry (4) as probably occurring in the human sub- 
ject. In six cases of puerperal sepsis both hemolytic and green-forming streptococci 
were isolated in aerobic cultures from different foci of infection in tlie same patient. 
In four otlier cases onl}' green-producing streptococci were obtained, while in one 
additional case a mixture of green-producing and hemolytic forms was found in 
several successive blood cultures from this patient. In addition, at least two cul- 
tures which were slightlj'' hemolytic and one whicli was strongl}’’ hemolytic when 
first isolated, lost their hemol3’'tic capacit}'- and became green-forming after several 
subcultures. AH of these strains produced hemolj'sin when grown anaerobicallj'^ 
or when gro^vn in 10 per cent horse serum broth. Serological studies, made to 
test die identity of tlie strains obtained from a single patient, were completed in 
two cases. In both instances, reciprocal agglutinin absorption experiments were 
strongl}’’ suggestive of the serological identity of tlie hemoh'tic and green-producing 
strains isolated from the same individual. 

The loss of certain functions, recorded in this paper, occurred in 
Streptococcus haemolyticus 0 90 during a serological study of this or- 
ganism. As previously noted (5, 6), this strain of streptococcus was 
classified serologically as a member of one of the specific types of Group 
B, the group composed chiefly of strains of bovine origin. It may be 
recalled that a C substance, specific for Group B, is elaborated by all 
members of this group and serves in the precipitin reaction to identify 
strains included in the group. More complete identification is af- 
forded by classification into types by means of type-specific polysac- 
charides, the so called S substances. The strain under discussion. 
Streptococcus 0 90, possessed in addition the distinguishing charac- 
teristic of elaborating a yellow-brown pigment. For several years it 
has been observed that certain strains, particularly those other than 
human in origin, form pigments varying in color from yellow-browm 
to lemon. The pigment is contained within the bacterial cells and is 
manifest in microorganisms grown in fluid medium and also in plain 
agar plates without dextrose or with dextrose in concentrations lower 
than 1 per cent. It is apparent only under conditions of partial or 
of complete anaerobiosis, as in deep broth cultures, in the deep colonies 
in poured plates, or in cultures grown in anaerobic jars. Under 
aerobic conditions the surface colonies on plain blood agar plates are 
colorless. 
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This relationship between color and oxidized state of the pigment has not, how- 
ever, held true with every chromogenic strain. Among 29 strains of hemolj’tic 
streptococci classified in Groups B and D, nine were observed which produced pig- 
ment varying in amount and color. Pigment-forming strains occurred in all 
three serological types of Group B.* Although two of the chromogenic strains 
were of human origin, the remaining seven were derived from sources other than 
human. One of the strains of human origin was obtained in pure culture from the 
throat of a child, hut in spite of this gave rise to no sjuaptoms of disease. The 
other strain with a histor3' of human derivation had been under laboratory cul- 
tivation for many j’-ears. All of its cultural, biochemical, and serological reac- 
tions were the same as those of the other Group B strains of non-human origin. 

A considerable quantity of pigment was obtained from Strain 0 90. 
Following acid extraction of the bacteria, a layer of precipitated pig- 
ment was observed on the upper surface of the bacterial sediment. 
On neutralization of the solution in which the previously extracted 
bacteria were suspended, the pigment dissolved and could be separated 
by throwing down the bacterial sediment in a centrifuge. The water- 
soluble pigment was deep red and markedly fluorescent. It was pre- 
cipitated on the addition of hydrochloric add, and was redissolved on 
neutralization; it was not soluble in 95 per cent ethyl alcohol, in ether, 
or in acetone in this extracted form, nor could it be extracted from 
intact bacteria which were suspended in these solvents. The dis- 
solved pigment did not hemolyze rabbits’ red blood cells. 

The only record found in which the occurrence of chromogenic hemolytic strepK 
tococci was noted was that of Durand and Giiaud (7). The eleven strains, out of 
125 examined, in which they observed a yellow-hrown pigment were aU of human 
origin except one isolated from a rat. Some of these streptococci were the causa- 
tive agents of disease and others were considered to be saproph>'tes. The chromo- 
genic strains in the present study, on the other hand, were chiefly non-human in 
origin, as noted above, and were all in serological groups not usually associated 
with human disease. 

Durand and Giraud found that the pigment was formed in the absence of ox\-- 
gen, and that impoverishment of the medium with respect to starchy constituents 


The characteristics of these strams have been recorded in preceding papers 
(5, 6). Their distribution with respect to serological U-pes was as follows: eight 
belonged to Group B; Strains O 90 and K 15S A weii in T\-pe I; Strains 9 
B 112, and B 132 were in Tj-pe H; Strains B 115 and K 198 were m’T%-pe HI; and 
Strain B 126 was unclassified. Strain C 7 belonged to Group D. 
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resulted in diminution or disappearance of chromogenic power. Potato starch, 
glycogen, inulin, and dextrose favored the elaboration of pigment while certain 
other carbohydrates inhibited it. They found it difficult or impossible to restore 
the pigment-forming function after it had been suppressed. They state that they 
were able to demonstrate some serological relationship among the chromogenic 
strains by the reactions of agglutination and agglutinin absorption, but the details 
of these serological relationships are not reported. The pigment described by 
Durand and Giraud appears similar in its reactions to the pigment of Strain 0 90 
observed in the present studies. 

The alterations in Strain 0 90 occurred during the first or second 
passage of the culture through mice, but whether this procedure bore 
any causal relationship to the changes observed is undetermined. In 
subcultures in poured blood agar plates, made after the second mouse 
passage, a large majority of the colonies showed neither surrounding 
zones of hemolysis nor greenish discoloration of the blood. When 
preliminary serological tests demonstrated the improbability of the 
non-hemolytic variant being a contaminant, more extensive investiga- 
tions were undertaken to establish the relationship of the two forms. 
It was observed, at once, that the non-hemolytic form did not elabo- 
rate pigment in either solid or liquid media when grown aerobically or 
anaerobically. There was, however no indication that hemolysin and 
pigment are the same substance, for in addition to numerous other 
differences, solutions of the pigment did not hemolyze red blood cells. 

With the exception of hemolysin and pigment-producing properties, 
all cultural and biochemical characteristics of the variant were the 
same as those previously observed in the original organism (5, 6). 

Thus, both forms attained a final hydrogen ion concentration in 1 per cent de.\-- 
trose broth of pH 4.4, both hydrolyzed sodium hippurate and grew on bile agar 
plates, both fermented trehalose but not sorbitol, and both failed to reduce meth- 
}dene blue in milk and were unaffected by streptococcus bacteriophage. Eacli 
form of this strain has, as far as observed, remained true to form for a period of 
almost 3 years under a variety of cultural conditions and during serial passages 
through mice. 

Before the immunological tests were performed, the purity of the 
strains with respect to hemolytic properties was insured by cultiva- 
tion in series with the selection of single colonies from blood agar 
plates. The two forms were then employed for preparing antisera. 
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Formalinized cultures, injected intravenously, -were used as the immunizing 
agents. Rabbits R 32-61 and R 32-62 received the hemolytic form, and R 32-63 
and R 32-64 the non-hemolytic form, in three vreeHy courses. The resulting serum 
was emploj’ed in agglutination, predpitin, and mouse protection tests. 

Before use in the serological tests the variant and the original form of this strain 
were again tested for hemolytic and pigment-producing capadt^", in both aerobic 
and anaerobic cultures. Tests for hemolysin in fluid cultures were also made in 
the usual manner by mixing broth cultures in varj-ing dilutions with rabbits’ 


TABLE I 

Cross-Agglulinalion Tests 

Antisera and Cnltures of the Hemolytic and the Non-Eemolytic Forms of 

Strain O 90 


Antlsenun 

Cultures used in 
aggludnations 

Final sertnn dilution 

Agiinst 

Serum 

No. 

Form 

1-20 

1-40 

1-SO 

t-160 

O 

l' 

o 

« 

08tI-I 


F 32-61 









tt <t 

R 32-61 









tt <t 

R 32-62 


r f ,T f 

t..: * .r. 

J A J { 


* 



tt it 

R 32-62 



t r 1 t 

.t f t • 





Non-hemolytic form. . . . 

R 32-63 

Hemolytic 


r. 

; • • ■ 





tt tt 

R 32-63 

Non-hemolytic 


.... 

-I r t t 

-r 

— 

— 

— 

it tt 

R 32-64 

Hemolytic 

-H- 

-f-H- 

-f-H- 

-f-H- 


— 


tt it 

R 32-64 

Non-hemolytic 

-H- 

r 

-I r ■: t. 

t- f . . 


- 

- 


In Tables I, II, and III i, -1-+, + + indicate degrees of reac- 

tion; — indicates a negative reaction. 

In the agglutination reactions in Tables I and III, broth controls and controls 
with normal serum in the same series of dilutions as the immune serum were com- 
pletely negative. 

washed red blood cells. The original culture mamtained its hemolvtic and 
chromogenic functions; the mriant lacked them. 

Agglutination tests were performed as follows: The bacterial cells, after centri- 
fugation from 18 hour broth cultures, were resuspended in broth and added in 
volumes of 0.5 cc. to equal volumes of serum dHuted serially in broth. Readings 
were made after incubation for 2 hours at 56’’C. 

The data presented in Table I demonstrate that an immune serum 
prepared with either form of this strain agglutinated both the original 
and the variant to the same titer. The non-hemolytic form agglu- 
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tinated somewhat more rapidly than did the hemolytic, but the final 
titers always corresponded and the agglutinated organisms in both 
instances took the form of compact discs. As a general rule, the ag- 
glutination reaction is not suitable for immunological identification 
of Group B hemolytic streptococci on account of the marked tendency 
towards non-specific cross-agglutination. However, this difiiculty 
was not encountered in these experiments because organisms of Type 
I, to which these strains belong, agglutinate specifically. Conse- 
quently, the fact that reciprocal specific agglutination of both strains 
occurred was valid evidence in support of the view that they were im- 
munologically identical. 

Additional proof of this identity was furnished by precipitin 
reactions. It has been established that from hemolytic streptococci 
belonging to Group B two characteristic polysaccharides are extract- 
able: (1) a group-specific C substance, and (2) a type-specific S sub- 
stance. Since Strain 0 90 belongs to Group B, Type I, it was possible 
to establish the serological identity of the non-hemolytic variant and 
the original hemolytic strain by testing for the presence of these two 
carbohydrates by means of the precipitin reaction. 

Hydrochloric acid e.\tracts (S) were made from the bacterial sediment of both 
varieties of organisms, using portions of the same cultures employed in the agglu- 
tinations. These extracts were tested for tlie group-specific C substance witli an 
antiserum known to contain anti-C precipitin, but no Type I anti-S precipitin. 
The same extracts were tested for the Type I S substance by precipitin tests with 
the type-specific antisera used in the agglutination reactions. 

The precipitin tests were performed as follows: To a series of tubes containing 
0.4 cc., 0.1 cc., and 0.025 cc. of extract in a final volume of 0.4 cc., a constant vol- 
ume of 0.2 cc. of serum was added. Final readings were made after 2 hours incu- 
bation at 37°C., and overnight in the ice box. 

The results are summarized in Table II. It was evident from the 
results of the direct precipitin tests tliat the group-specific polysac- 
charide, C, and the type-specific polysaccharide, S, were both present 
in the variant of Strain 0 90 and in about the same amounts as in the 
original hemolytic form. 

The data presented in the third column show that extracts of the original and the 
clianged form of Strain O 90 reacted equally well wth a serum of knot\-n anti-C 
content. The predpitates were disc-like but not heav}' because tin's antiserum 
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•was of only moderate titer. In order to eliminate the tj-pe-spedfic S reaction and 
to bring out the group-spedfic C reaction, the antiserum emploj'ed to detect the 
C substance ■was prepared -with a strain of a serological tj-pe heterologous to Strain 
0 90. On the other hand the relationships due to the tj'pe-spedfic S substance in 
these t'wo strains are sho-wn when extracts are tested ■with serum of the homologous 
tj'pe, as indicated in the last four columns of Table U. Sera from Rabbits R 
32-61 and R 32-62, immunized ■with the hemelj-tic form of Strain 0 90, and sera 
from Rabbits R 32-63 and R 32-64, immunized ■with the non-hemol>’tic form of 


TABIX H 
Cross-Precipitin Tests 

Antisera and Cultures of the Hemolytic and the N on-Eemolylic Forms of 

Strain O 90 


Extracts 

Anti-C senim 
(containing no 
Type I anti-S 
precipitins) 

T>*pe I and-S serum against 

Culture 

Amount 

Hemolytic 0 90 

Kon-hemolytic 0 90 

against a TVpc 
ni strain 

Serum 
j R 32-61 

Serum 
; R 32-62 

Serum 

R 32-63 

Serum 

R 32-64 

Hemolytic 0 90 (Type 

cc. 

0.4 

4 1. 

++++ 

d — 1 — i — h 


4 ! L 


I I 1 


I) 

0.1 

-f+ 

++++ 

++-f+ 

+-f-f 

-f-f+ifc 


0.025 


-f*f+ 


-fzi: 

-f-f 

Non-hemolj’tic 0 90 

0.4 

+ 

-j- , , , 

J.4— t-J. 

I T t 

-t-O-J- 

» K 1 *1 

» *T” ♦ » 

“T 1 — T 

lit 

(Tj-pe I) 

0.1 

-5-+ 

1 y 1 t 

1 t 1 1 

1 ^ ; 

4_4__1 1 

* * i 1 

» * “» t 

I ”l » 

T — : — r= 



-h+ub 

I 1 

++ 

-f-rr: 

-f± 


In the predpitin reactions in Tables If and m, the predpitates indicated by 
-b-l--l- and -f-f -f-f- signs were in the form of unbroken discs. Controls of ex- 
tract with normal serum and ■with saline alone were imiformly negative. 


Strain 0 90, gave equally good predpitates of the disc tj’pe ■with e.xtracts of both 
the hemolytic and the non-hemolv-tic forms of the microorganism. Although these 
sera were not spedficallj- absorbed, most of the reaction ■was undoubted!}* due to 
the presence of the Tj-pe I specific antibodj*, for preliminarj* tests had shown them 
to be almost entirely devoid of anti-C predpitin. 

Agglutinin and predpitin absorption e.xperiments further substan- 
tiated the evidence for the serological identity of the t'wo forms of 
Strain 0 90. 


Samples of serum from a rabbit immunized with the hemoh'tic form of Strain 
O 90, were mixed ndth equal parts of heat-kflled bacteria packed bv centrifugation 
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in a graduated centrifuge tube. One sample was absorbed with organisms of the 
hemolytic form and one M-ith organisms of the non-hemolytic form of Strain 0 90. 
After 45 minutes’ incubation in a water bath at 37°C., the mixtures were centri- 
fuged and the supernatant serum thus absorbed ^vas used for agglutination and 
precipitin tests in tlie manner described above. 

TABLE III 

Absorption of Agglutinins and Prccipitins by the Hemolytic and the Non-Hcmolyiic 

Form of Strain 0 90 
{a) Absorption of Agglutinins 


Antiserum R 36-60 

Culture used in 
agglutinations 

Results of agglutinations 

Final scrum dilutions 

Form 

1-10 

1-20 

1-40 

1-50 

Unabsorbed 

Hemolytic 

+++ + 

++ + + 

— 

— 


Non-hemolytic 

++++; 

++++ 

— 

— 

Absorbed with hemolytic 0 90 

Hemolytic 



— 

— 

“ “ “ 0 90 

Non-hemolytic 

— 

1 

1 — 

, — 

“ “ non-hemolytic 0 90 ... . 

Hemolytic 

— 

— 

— 

i.— 

“ “ “ 0 90.... 

Non-hemolytic 

— 

— 


— 


(b) Absorption of Prccipitins 


Antiserum R 36-60 

Polysaccharides from hemolytic 
0 90 used in the precipitin test 

C 

(group-specific) 

S 

(tiTjC-spedfic) 


+ + + 

1 

+ -b± 





0.2 cc. of antiserum and 0.2 cc. of a 1-20,000 dilution of poI}’’saccharide were 
used in these tests. Final readings were made after 2 hours at 37°C. and over- 
night in tire ice box. 


From Table III a it is evident that Serum R 36-60, whicli agglu- 
tinated to the same titer both varieties of Streptococcus O 90, lost all 
of its type-specific agglutinins after absorption with either variety of 
organism. A comparable removal of prccipitins from the same ab- 
sorbed serum was demonstrated (Table III b). Absorption with cither 
form of the streptococcus removed both anti-C and anti-S prccipitins. 
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Comparative virulence and cross-protection tests were also made with 
the variant and the original form of this strain as follows: 

16 hour broth cultures were dfluted serially with broth so that 0.5 cc. contained 
the amount of original culture required. Dilutions ranging from 10”^ cc. to 10“® 
cc. of original culture were inoculated intraperitoneally into white mice of about 
18 gm. weight. Other sets of mice were inoculated simultaneous^ with similar 
dilutions of the culture together with 0.5 cc. either of normal serum or of the sera 


TABLE IV 

Cross-Protection Tests in Mice 


Antisera and Cultures of the Hemolytic and the Non-Hemolytic Forms of 

Straw O 90 


CaJture 

\^inilence controls 

Antiserum against 

No scrum 

Normal serum 

Hemolytic 0 90 

Non-hemolytic 0 90 
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R 32.62 

R 32.63 

R 32.64 
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S indicates Eur\-ival for 12 da>-s. 


D indicates death \Yithin the number of hours recorded. 

— indicates test omitted. 

Estimated by plate counts as 461 million colonies per cc. 
t Estimated by plate counts as 401 milhon colonies per cc. 
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of rabbits immunized with the hemolytic or the non-hemolytic form of Strain 
0 90. The serum w'as injected simultaneously with the culture, for it was known 
(6) that mice infected with Group B streptococci are effectivelj' protected b}’^ this 
method. The mice were observed for 12 days and animals surviving for this 
period were considered effectively protected and were recorded as survivors. 

The number of streptococci in tlie three highest dilutions was estimated by 
mixing the respective dilutions nith blood agar in plates and counting the colonies 
after 48 hours’ incubation. 

The data recorded in Column 2 of Table IV show the relative viru- 
lence of the two forms of Streptococcus 0 90. While the minimal 
lethal doses of the infecting organism were practically the same, the 
hemolytic form uniformly killed mice from 12 to 24 hours earlier than 
the non-hemolytic form in the same dilution. In addition to the 
virulence test just described, other controls (Table IV, third column) 
were included to show that normal rabbit serum did not protect mice 
against infection with these cultures. Samples of the same immune 
sera which were used in the agglutination and precipitin tests, how- 
ever, protected mice against infection with the original culture and its 
variant. 


SUMMARY 

1. A variant arising in a culture of hemolytic streptococcus was 
shown to have lost the properties of producing pigment and hemolyz- 
ing blood. Despite the loss of these two functions, it had in common 
with the strain from which it was derived certain other distinguishing 
biochemical characteristics, as follows: Both attained the same hy- 
drogen ion concentration in dextrose broth; both hydrolyzed sodium 
hippurate, grew on bile agar, and fermented trehalose but not sorbitol; 
both failed to reduce methylene blue in milk cultures, and were in- 
susceptible to the action of streptococcus bacteriophage. In addition, 
the virulence of the variant remained the same as that of the original 
culture. 

2. The antigenic and serological specificity of the variant was identi- 
cal with the group and type specificity of the original strain (Group 
B, Type I). These specificities were established by the use of im- 
mune sera prepared by immunization of rabbits with each form. The 
immunological reactions employed were reciprocal agglutination, pre- 
cipitation, agglutinin and precipitin absorption, and passive mouse 
protection. 
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STUDIES ON TYPHUS FEVER 


XII. The Passive Immunization of Guinea Pigs, Infected mtth 
European Virus, muth Serum of a Horse Treated with 
Kileed Rickettsia of the Mexican Type* 

By HANS ZINSSER, M.D., ant> M. RUIZ CASTANEDA, M.D. 

{From the Deparlmait oj Bacteriology and Immunology, The Harvard Medical 

School, Boston) 

(Received for publication, Januaiy 2, 1934) 

In the preceding paper of this series (No. XI) (1), we reported that 
we had succeeded in preventing the development of typhus fever in 
guinea pigs inoculated with virus of the Mexican tj^ie by subcutane- 
ously administering serum of a horse immuniz ed with homologous 
killed Rickettsiae. Protection was obtained even when the subcutane- 
ous serum injections were made as late as 72 hours after intraperitoneal 
administration of the virus. The prophylactic possibilities of this 
serum were suggested by e.xperiments which showed that complete or 
partial prevention of subsequent infection could be attained when 
virus was administered 1, 7 and 13 days after serum injections. Pro- 
phylactic effects had, however, completely disappeared on the 18th 
da}" under the conditions and dosage employed at that time. This 
phase of our work has, since then, been confirmed by Varela (2) who, 
using serum sent to him by us, and emplo}-ing a somewhat larger 
dosage {i.c. 2 cc. subcutaneously), found that guinea pigs so treated 
were protected for 15 but not for 30 days. The implications of these 
c.xperiments for practical prophylactic purposes are obvious if one 
considers that infected lice die within 10 to 12 days.^ 

* This work was supported in part by a grant from the DeLamar Mobile 
Research Fund and a National Research Council grant. 

* The therapeutic possibilities of the scrum in man cannot, of course, be ap- 
praised by the guinea pig experiment. However, we have treated, with encourag- 
ing results, two severe cases in Boston in which the serum was given onlv from a 
sense of obligation because of the severity of the condition; and a Mexican govem- 
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At the time when the experiments referred to above were carried 
out, the serum of the RickeitsiaAvamxiXie horse agglutinated the WeigI 
louse vaccines in dilutions of 1-640, and gave Weil-Felix reactions in 
dilutions of 1-320. The agglutinative values of the serum for our 
own Mexican vaccines could not be determined, since both inoculum 
and subsequent Rickettsia suspensions contained small amounts of 
rat protein, a circumstance which would have rendered agglutinations 
valueless. It is of interest to note that long and intensive treatment 
was necessary before the horse serum attained such values. We 
attribute this to the relatively small amounts of specific antigen which 
our earlier crude methods of vaccine production 3 nelded. With the 
present X-ray rat method, which, incidentally, has been successfully 
continued for over a year, we believe that horse immunization will be 
less difllcult.'^ 

In spite of the potent agglutinating power of our horse serum for 
the Rickettsiae of the European disease, we were not able, at the time of 
our last report, to obtain any corresponding passive protection against 
the European type of virus. Such failure was difficult to interpret 
because of the many experimental facts which, ifi earlier work, had 
indicated the close antigenic overlapping of the two types of virus. 
Moreover, the agglutinating values mentioned above constituted 
valuable direct confirmation of our views of the close relationship 
between the two responsible organisms. 

Believing that the failures of passive protection against the Euro- 
pean type might be attributable to purely quantitative difficulties, 
we decided to continue treatment of the horse throughout the summer, 
in the hope of increasing the potency of the serum. This was done, 
and bleedings taken in the early autumn showed that the Weil-Felix 


ment Commission has used the serum, to date, in 17 cases. The number is 
entirely too small to permit of any kind of conclusion, though an analysis of the 
Commission’s work, which will shortly be published, is encouraging as .far as it 
goes. 

2 The X-ray method seems to have given trouble to a number of investigators 
who have tried to repeat it. This we believe is due to insuffident radiation in 
h^foreover, a certain amount of dmical experience with rats is neces- 
sary for judging the best time for autopsy of the animals. Properly carried out, 
the method yields large amounts of RickcUsiae with considerable regularity. 
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reaction had then attained about double its previous potency , that is, 
there -svas complete agglutination in dilutions of 1-640. We were 
unable to obtain a further supply of Weigl vaccines at this time, and 
could not therefore, determine whether reactions with the louse 
Rickeltsiae had likewise increased. 

In carrying out experiments with this somewhat more potent serum, 
we took into consideration the following circumstances: When one 
wishes to inoculate considerable doses of European virus, this is best 
accomplished by injecting mixtures of defib rinated blood and brain 
suspension taken from animals with active typhus on the 10th to the 
14th days after inoculation. In such materials, Rickettsiae cannot be 
found, and are probably scarce and entirely intracellular. And since 
the infected cells are homologous, one is probably setting up, within 
the peritoneum, a temporary tissue culture from which any consider- 
able discharge of Rickettsiae takes place only 4 or 5 days after injection 
when some of the infected cells have died.’ By that time, serum 
injected together with inoculvun may have been, in part, eliminated. 
In carrjdng out our protection experiments, we therefore allowed from 
2 to 3 days to elapse between the intraperitoneal virus injection and 
the subcutaneous administration of the horse serum. 

EXPERHIENTAI. 

Experiment I . — In a preliminarj’ experiment, 4 guinea pigs received large 
intraperitoneal doses of European virus. After 4 days, 2 of them were given, 
subcutaneousb’, 2 cc. of the immune horse serum, and a further 0.5 cc. was given 
on the 5th day. The results were encouraging, since the 2 controls de%'eloped 
U-pical and severe typhus, while the treated animals showed nothing more than 
slight, temporary rise in temperature. No normal horse serum controls were done, 
since this experiment was carried out for purposes of orientation. 

In the following three experiments, imtreated controls and controls 
with normal horse serum were employed. 

Experiment II . — .All the 13 guinea pigs were intraperitoneally inoorlated with 
European t>phus ^■irus in the form of brain emulsion mixed with defibrinated 
blood, the materials being taken at the height of the disease. 72, 96 and 120 hours 
after infection, S of these animals were each given subcutaneous injections of 1 cc. 


’ We believe that this fact explains, in part, the longer incubation time observed 
with the European t>pc in guinea pigs. 
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of immune horse serum. 3 controls were given normal horse serum at the same 
intervals, and in the same manner. 2 were left untreated. We have charted 
these experiments by a simple method whicli takes up little space, without sacri- 
ficing clearness. The caption under the chart is fully e.xplanator 3 ^ 



Chart 1. All of the 13 guinea pigs intraperitoneallj' inoculated with European 
typhus fever. The 8 animals whose temperatures are diarted in solid lines were 
given 1 cc. of the immune serum subcutaneouslj’ 72, 96 and 120 hours after infec- 
tion. Those charted in broken lines in Graphs a, b and c received normal serum 
in the manner and in the quantities in which the solid line animals received immune 
serum. The guinea pigs charted in broken lines in Graphs d and c were untreated 
controls. Plorizontallj'-, all the graphs represent dail}' temperatures for IS da\'S. 
The heavy line marking 104°F. is at the level above which we regard a guinea 
pig’s temperature as indicating fever. 

This experiment indicates that in the S treated guinea pigs, Euro- 
pean typhus infection was prevented by subcutaneous immune serum 
injections which were not begun until 3 days after the virus had been 
administered. The normal serum controls prove that this effect was 
not non-specific. 
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Experiment III . — ^The esperimeiit shown in Chart 2 was done in exactlj the 
same manner as the preceding one. The caption under the chart is sufficiently 
explanatory. 

We were quite convinced that the results obtained in the two pre- 
ceding experiments could not have been due to coincidence, since 
fortuitous failure to obtain typical reactions with this European 
strain has occurred on only rare occasions during the last 2 years of 
constant observation. However, in a fourth experiment of the same 



Chart 2. All 12 guinea pigs were intraperitoneally infected with European 
tj^phus wrus on the same day. The solid lines in ever>‘ case represent the tem- 
perature cur^’es of infected guinea pigs which each received 1 cc. of antihiDhus 
horse serum 72, 96 and 120 hours after infection. The broken lines in Graphs a, 
b, c and d represent normal serum controls, and in Graphs e and / untreated con- 
trols. These graphs are constructed on the same plan as the two preceding ones. 
Horizontally the graphs represent daily temperatures for 15 daj-s. 

kind we had confusing results, which were readily explained b}' inter- 
current disease. 6 animals were used in this experiment, all of them, 
owing to difficulties of animal stock, small and in poor condition. One 
of them died, but was not autopsied. 3 of the other 5 were killed when 
quite sick and on being autopsied showed pneumonias. Although 
there was ample reason, therefore, to exclude the atN'pical temperature 
reactions obtained in this e.xperiment from any bearing on the efTec- 
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tiveness of the serum, we decided to carry out one further experi- 
ment in order to make sure that we had not been the victims of 
coincidence in the preceding ones. 



Chart 3. Again the solid lines represent the treated animals, the broken lines 
the controls. In Graph a, the treated animal received 2 cc. of immune serum 
subcutaneousl}'^ on the 2nd day and 1.5 cc. on tlie 4th day after infection. The 
control received normal serum in the same amounts at the same inten^als. In 
Graph b, the solid line animal was treated as above, the other was untreated. In 
Graph c, the treated animal received 2 cc. of serum subcutaneously on the 3rd day 
and 1.5 cc. on the 5th da}'. The control received normal serum at tlie same inter- 
vals and in tbe same manner. In Graph d, the treated animal received serum 
exactly as did the analogous one in Graph c. The control was untreated. Sw. 
indicates that the animals developed scrotal swelling — see comments in text. 
Horizontally, the graphs represent daily temperatures for 15 days. 


Experiment IV . — ^This last e-xperiment is presented in Chart 3. 

These results differ from those of Experiments II and III only in the 
fact that the serum was given in somewhat larger quantities, but was 
started later; that is, 3 days after infection. The results are entirely 
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clear and unambiguouSj and together vrith those shown in Chart 2 
seem to leave no room for doubt that the serum produced in a horse 
by treatment with Mexican Rickettsiae has exerted definite protective 
effect against the European tj-phus. 

It is interesting to note that in Clmrt 3, Experiment W, the 2 con- 
trols that received normal senun subcutaneously developed scrotal 
swelling. The increasing frequency with which the European strain is 
producing scrotal swelling is of considerable significance for the 
problem of the relationship between the two types of tj'phus fever. 
These two instances of swelling in animals receiving normal horse 
serum are noteworthy in view of Varela’s (3) recent studies on the 
induction of scrotal swelling in animals infected with the Tunisian 
strain by the intraperitoneal injection of fresh sterile blood. 

DISCUSSION 

The experiments above recorded demonstrate that imder suitable 
experimental conditions guinea pigs can be protected from infection 
with the European type of virus by the serum of a horse immunized 
with killed Rickettsiae of the Mexican type. 

Apart from any practical implications which obviously encourage 
therapeutic test, these results seem to us of considerable bearing on 
the differences of opinion that exist concerning the closeness of the 
relationship between the two t^qjes of virus. It is our opinion that the 
differences are much less fimdamental than they have been supposed 
to be, and that it is not impossible that they depend largely upon 
minor modifications (adaptations, possibly reversible) sustained in 
the course of the passage of the Mexican, so called New World virus 
through rats and rat fleas. A summarj' of the e\ndence in favor of 
such a \'iew will be published at a later date. 

The results of these e.xperiments — showing beyond question that 
the serum of a horse treated entirely with ^Mexican Rickettsiae acquires 
a Weil-Felix reaction, agglutinates the European louse vaccines of 
Wcigl and protects against the European virus — strongly support the 
Anew which closel}- relates these two infectious agents. 

From the point of \'iew of developing protective serum for prophy- 
lactic and therapeutic application to the European disease, these results 
are of importance because, so far, it has not been possible to obtain. 
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with the European virus, anything like the large accumulations of 
Rickettsiae which we have been able to produce with the Mexican 
strain by our X-ray method. 

CONCLUSION 

Guinea pigs infected with European typhus virus can be passively 
protected with the serum of a horse that has been treated ivith killed 
Mexican Rickettsiae. 
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ON THE USE OF ADSORBENTS IN INIMUNIZATIONS WTTH 

HAPTENS* 
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Inunuriization \vith so called haptens, i.e. substances with definite 
serological activity but which with the usual laboratory methods ex- 
hibit rather weak or no immunizing capacity, was accomplished by 
Landsteiner and Simms (3), who obtained strong heterogenetic antisera 
following the injection of mixtures of Forssman’s substance with human 
or pig serum. This method, which proved to be of general applica- 
bility, tended to emphasize the role of proteins in the production of 
immune sera to haptens, and imder this assumption also showed 
that an immunization effect can be obtained without a firm chemical 
combination of hapten and protein. 

Following this and the demonstration by Glenny (4), Ramon (5), 
and others that immunizations with toxins can be improved by ad- 
sorption to inert colloids, or the simultaneous injection of irritating 
substances, Gonzalez and Armangue (6) reported the interesting ob- 
serv'ation that extracts containing the heterogenetic substance can be 
made antigenic by adsorption to such materials as kaolin or charcoal. 
Doerr and Hallauer (7) had pre\’iously failed to immimize with mix- 
tures of the heterogenetic extracts and charcoal. From this work of 
Gonzalez and Armangue it would appear that proteins can be effec- 
tually replaced by inert inorganic adsorbents in immunizations with 
haptens. The e.xperiments of Gonzalez and Armangue have been con- 
firmed bj- Landsteiner and Jacobs (1) with the Forssman antigen and 
recent!}' by Plaut (8) with a hapten from brain. 

In addition Zozaya (9) has reported considerable immimization 
effects with carbohydrates adsorbed to collodion particles and 
similar experiments with dextran, a carefully purified, nitrogen-free 

* The c-xperiments given in this paper have been presented preliminarilv by 
Landsteiner and Jacobs (1, 2). 
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polysaccharide from Lcuconostoc mcscnlerioidcs. 

On the other hand, with a carbohydrate from rliinoscleroma bacilli 
adsorbed to collodion particles by Zozaya’s method, Prasek (10) failed 
to obtain evidence of antibody formation. 

The following experiments were undertaken with the object of ob- 
taining additional information on the mode of action of inorganic ad- 
sorbents in hapten immunizations. 

Technique 

Horse Kidney Extract.- — Two extracts were used; one made with 95 per cent alco- 
hol at room temperature, and the other by heating for 1 hour on the steam bath. 
For immunizing with kaolin 5 cc. of the crude heterogenetic extract (extract from 
250 gm. of horse kidnej'' in 85 cc. of saline) diluted 1 :4 with saline was mixed with 
0.2 gm. of kaolin, and allowed to stand at least an hour at room temperature, be- 
fore each injection. 

For immunizing with collodion particles 50 cc. of the crude heterogenetic ex- 
tract diluted 1:4 with saline was added to sedimented collodion particles in a 
quantity of approximately five billion to each cubic centimeter of the extract. 
After thorough mixing, standing for 1 hour at room temperature, and centrifuging, 
the centrifugate was made up to 200 cc. witli saline and 0.25 per cent phenol added. 

Forssman Substance A. — This was identical with substance A described by 
Landsteiner and Levene (1 1), giving a strong orcinol-copper test. For immunizing 
with kaolin, a solution of 150 mg. of the substance in 150 cc. of phenolized (0.25 
per cent) saline was added to 6.0 gm. of kaolin. The mixture was allowed to 
stand an hour at room temperature with vigorous shaking at short intervals. For 
immunizing with pig serum 150 mg. of the Forssman substance were dissolved in 
127.5 cc. of saline, 15 cc. of pig serum and 7.5 cc. of 5.0 per cent phenol added, 
and the solution well mixed. 

Forssman Substance 5.— Substance B was a preparation obtained by precipita- 
tion with copper sulfate in alkaline solution (11). For immunizing vdth kaolin 
35 mg. of the preparation were dissolved by tlie addition of 17.5 cc. of 5.0 per cent 
phenol and gentle warming. This solution was diluted to 35.0 cc. with distilled 
water, 7.0 gm. of kaolin added and made up to a volume of 175 cc. witli saline, 
followed b}’^ vigorous shaking at 5 minute intervals for a period of an hour. In 
immunizations with pig serum, 30 rag. of the Forssman preparation were dissolved 
in 7.5 cc. of 5.0 per cent phenol and added to a solution containing 18.7 cc. of pig 
serum and 123.8 cc. of saline. 

Specific Substance from V. c/iolcrac.— The organisms were grown, extracted, and 
treated with N/10 NaOH as described previously (12). The resulting substance 
gave a distinctly positive biuret reaction at a dilution of 1:50. For injections, 
90.0 mg. of the substance were dissolved in 9.0 cc. saline, 6 gm. of blood charcoal 
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supernatant of tins preparation, after centru gmg. 

almost complete. obtained bv peptic digestion of 

Eeleroalbumose.—This prepara ■ 4 . (js) Jt was soluble in saline. 

».B.,a,ed sh«P semm. 

in saline were added to 20.0 gin. i b ^ temperature. 10 cc. of 5.0 per cent 

mixed and allowed to stand 2 saline. For injections 

phenol were added and the voto heteroalbumose solution in saline were 

with alum, to 100 cc. - P followed by enough normal sodium 

added 10.0 cc. of 10.0 per cent at P ^tmus. The suspension was 

„,bom..e .0 1”“"“ J ««t ph..ol .dded, 

„de »P to 190 ^ta„ .„d A«»d) was used in 

rbSXr^lSnod gtLdtoa 

OTtc prepared accords to tjf prodocfion of hemolysins, labbiu were 

selected trhose »n. " to e'u.n“oI 5.0 »■ intravenoosly or in- 

under the conditions o vreeldv inter%'als and the animals tested 7 

aaperitoneally oere ,„M.«s .ere atays made 

days after toe last J, „i„doa. as .as.sed rrito toe .d«.r- 

SSs%m7aSs“to pig sera, and cUodion parbde. .ere iniected totra- 

''T.Sm« mT “To7r7oTto“Sgen°Ztion in a small tube .as added 2 
Prcapilin 1 « - readings taken after 1 hour at room temperature, and 

Sb™to"e ice bok. The stoengto of predpimtio. era. recorded as follows: 

inactivated serum was 

did oTcc of a saline suspension of killed cholera vibrios grown_ ovenn Jt on 
added 0 . 2 hours at 37'C. and overnight m the ice 

3 Sd die same s^•mbols used in recording the readings, as in the precipitation 
t^t^ Sediment was described as si. (slight), w. (w jk), or dis. 

n'cwh-sis Tals.-To 0.5 cc. of saline dilutions of each serum was added O.o 
cc. of fresh guinea pig complement, diluted 1:10, which ^d nj cause hemolys^ 
under the c^ditions of the test. 1 drop (about 0.05 cc ) of aO per cent wash J 
sheep eiA-throcvtes was added and the lubes incubated for 1 hour at a/ C. De- 
crees of'hemolvsis were distinguished according to the following scheme; 0, tr. 
(trace), w. (wckk), dis. (distinct), str. (strong), v. str. (ver>- strong), a.c. (almost 
complete), c. (complete). 
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EXPERIMENTAL 

The experiments of Gonzalez and Armangue were repeated without 
difficulty/ using emulsions of horse kidney extracts, as shown in Table 
I. A marked difference in the action of the preparations adsorbed to 
kaolin as compared to the controls was noticeable even after the sec- 
ond injection. 


TABLE I 


Crude Horse Kidney Extract. Tests Made after Five Injections 


Material injected 

Horse kidney extract 

Rabbit No 

Complete hemol 3 'sis to 

26-57 

<1:25 

26-60 

<1:25 

26-62 

<1:25 

26-67 

<1:25 

26-73 

<1:25 

Material injected 

Horse kidnej- extract adsorbed to kaolin 

Rabbit No 

Complete hemolysis to 

26-59 I 
1:25 j 

' 26-64 
1:400 


' 26-71 
1:25 

26-73 

1:200 


TABLE II 

Crude Horse Kidney Extract. Tests Made after Five Injections 


Material injected 

Unheated horse kidney extract adsorbed to collodion 
particles 

Rabbit No 

Complete hemolysis to 

lS-94 

<1:25 




m 

Material injected 

Heated horse kidney extract adsorbed to collodion 
particles 

Rabbit No 

Complete hemoli-sis to 

18-99 

1:50 

19-00 

1:50 

! 19-01 
1:200 

19-02 

1:25 

19-03 

1:50 


Although this was not tlie case in experiments with kaolin, with -ap- 
parently less suitable adsorbents, sucli as collodion particles, crude 
heterogenetic extracts seemed to give better results when prepared by 
heating on the steam bath tlien when the extraction was performed at 

* Weil and Berendes (IS) who, like hlisawa (16), reported negative experiments, 
note tliat their failure was associated with a heaxw loss of animals due to the injec- 
tion of kaolin. We, also, obseix'ed fatalities with injections of 0.5 gm., but had no 
difficulty with injections of 0.2 gm. 
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room temperature (Table H). In both, cases, the fact that adsorp- 
tion took place vras shown by lysin inhibition using the adsorbed collo- 
dion particles and supernatants. W^ith turpentine, injected intraper- 
itoneally in a quantity of 0.1 cc. immediately following the injection of 
the Forssman extract, there was a similar but still less marked result. 

Unheated extracts injected alone gave rise to practically no 


TABLE xn 

Forsstnait Preparolion A. Tests Made after Three Injections 


Material injected 

Forssman preparation A adsorbed to kaolin 

1 (orcin substance) 

Rabbit No 

Complete hemolj-sis to 

30-86 

<1:25 

31-51 

<1:25 

31-52 

<1:25 

31-53 

<1:25 

31-54 

' <1:25 

1 


Forssman preparation A mixed with pig scrum 


Rabbit No 

Complete hemob'sis to 

30-84 

1:800 

30-85 

1:50 

31-48 

1:100 

31-49 

1:100 

31-50 

1:400 


T.A3LE VI 

Forssman Preparation B. Tests Made after Five Injections 


Material injected. 

Forssman preparation B adsorbed to kaolin 

Rabbit No 

Complete hemoh’sis up to 

19-04 

<1:25 

19-05 

<1:25 

19-06 

<1:25 

19-07 

1 <1:25 

19-08 

<1:25 

Material injected 

1 Forssman ^x-eparatioa B mixed with pi; scrum 

Rabbit No 

Complete hemol>'sis up to 

29-10 

1:800 

29-11 

1:200 

29-12 

1:800 

29-13 

1:800 

29-14 

1:320 


hemolysin formation, while heated e.xtracts alone yielded sera which 
were apt to give complete hemolysis at dilutions of 1:25 after four 
or five injections, but not in higher dilutions. An e.xperiment in 
whicli heterogenetic antigen was injected intravenously and the 
usual amount of kaolin intraperitonealh-, failed to show activation. 

With the Forssman preparations designated as A and B which con- 
tained smaller quantities of extraneous material than the crude e.x- 
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tract, no hemolysin formation was obtained, using kaolin. As is 
evident from Tables III and IV, however, these same preparations, 
when mixed with pig serum, were active in producing hemol 3 dic sera. 

Adsorption to kaolin was tested by lysin inhibition Avith the adsorbed 
kaolin preparations and the supernatants. Both Forssman substances 

TABLE v 


Crude Cholera Carbohydrate. Tests Made after Five Injections 


Injected with 

Rabbit 

No. 


Agglutination, 

serum diluted 

Precipi- 

tation 

I 

1 

1:50 

1:100 

1:200 

1:400 

1:800 

1:1600 

Dilution 

of 

antigen 

1:5000 










hrs. 


26-46 

mi 






0 

2 









0 

24 

Cholera 










prepara- 

26-47 

0 






0 

2 

tion alone 


dis. sed. 






0 

24 


26-48 

0 






0 

2 



dis. sed. 


1 




0 

I 

24 


26-49 

-hi 

+ i 

1 

± 1 

d= 

1 

tr. 

f. tr. 


2 






dis. sed. 

w. sed. 

si. sed. 

+± 

24 


26-50 

+ 



0 



tr. 

2 



tr. 



0 



± 

24 

Cholera 










prepara- 

26-51 

tr. 






f. tr. 

2 

tion ad- 


dis. sed. 






f. tr. 

24 

sorbed to 

1 









charcoal 

26-52 


tr. 

0 

0 



tr. 

2 



± 

dis. sed. 

w. sed. 

si. sed. 



tr. 

24 


25-43 

tr. 

0 

0 

0 



f. tr. 

2 



w, sed. 

si. sed. 

0 

0 



f. tr. 

24 


were largely adsorbed.^ Preparation A was administered in injec- 
tion doses of 5 mg. each, and preparation B in amounts of 1 mg. per 

-Adsorption of Forssman antigen to kaolin has been studied by Fisclier (17), 
AVcil and Berendes (IS), Rudy (18), and others. 
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injection. With the latter substance a second experiment confirmed 
the first. With a third Forssman preparation (19), adsorbed to kao- 
lin, attempts at immunization failed in a similar maimer. These 
experiments furnish evidence that the injection of kaolm alone does 
not lead to the production of hemoljdic sera, -which is -v^'orth mention- 
ing because Misawa (16) reported the production of hemolytic sera 
foUovring injections of charcoal. He states, however, that his results 

TABLE VI 


Sheep Heteroalbumose. Precipitin Tests Made after Eight Injections 


Substance injected 

Rabbit No, 

Heteroalbumose 1:2000 

2 bre. 

24 his. 

Heteroalbumose 

29-30 

0 

0 


29-31 

0 

0 


29-32 

0 

0 


29-33 

0 

0 


29-34 

0 

0 

Heteroalbumose ad- 

I 29-33 

u. 


sorbed to alum 

29-36 ! 

0 

tr. 


29-37 

tr. 

-I- 

1 


29-38 

tr. 



29-39 

0 

0 

Heteroalbumose ad- 

29-40 

f. tr. 


sorbed to charcoal 

29-41 

0 

tr. 


29A2 


"h 


29-43 

tr. 

+ 


29^ 

' s 



were uncertain, due to the possible presence of a lepiseplicus infection 
in the rabbits. 

Wfith a cholera carbohydrate preparation which stUl gave a positive 
biuret reaction, adsorbed to charcoal, there was a marked increase in 
antigenicity over that shown by the carbohydrate preparation alone, 
as is cridcnt in Table V. The controls in the agglutination test were 
not entirely negative, since they showed on standing overnight in the 
ice chest slight to distinct sedimentation after the third and subse- 
quent injections. 
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With a carbohydrate preparation from the same organism wMch 
had been treated similarly with alkali but from which the protein was 
removed almost completely by heating with acetic acid so that the 
biuret reaction was but very faintly positive, one experiment with char- 
coal yielded no evidence of antibody formation whatever, and a second, 
one slight and one faint reaction. Five rabbits were used in each of 
these experiments. 

Two preparations of dextran® adsorbed to collodion particles and 
injected by Zozaya’s teclmique, failed to produce demonstrable anti- 
bodies. Two other entirely or practically protein-free carboh 5 '^drates, 
one from Pneumococcus Type I, and the other from a pseudoanthrax 
bacillus, adsorbed to charcoal and injected into rabbits, gave negative 
results. Thus attempts to demonstrate an increase in precipitin or 
agglutinin formation following injections of carbohydrates whicli had 
been freed, to a large extent, from protein, were not successful. 

The heteroalbumose preparation used was known (20) to be a weak 
antigen with which sera of workable titer could be obtained only witli 
difficulty. In the experiment shown in Table VI, comparable injec- 
tions of heteroalbumose, alone and adsorbed either to cliarcoal or to 
alum, showed markedly increased antibody formation with the use of 
these adsorbents, which has been of practical advantage in tlie prepara- 
tion of antisera to this material (21). In this experiment, the sera of 
the control rabbits, injected with heteroalbumose alone, happened to 
be entirely negative. 

DISCUSSION 

In confirmation of the experiments of Gonzalez and Armangue we 
obtained very active heterogenetic immune sera witli the aid of ad- 
sorbents. The enhancement of immunizing activity wliicli takes place 
after adsorption to kaolin occurs whether the horse kidney extracts 
used are prepared by heating or by standing at room temperature. 
In the inconstant activations which followed adsorption to collodion 
particles or tlie simultaneous injection of turpentine, only the heated 
extracts showed a slight enhancement. These latter extracts were 
more highly colored than those obtained by standing at room tempera- 

® For supplying this substance wc are indebted to the kindness of Dr. Harold 
Hibbert of Montreal. 
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turc, 3.11(1 C3iise(i sliglit hemolysin formstioii when injected slone, sug- 
gesting that they may contain more impurities than the unheated 
ones. 

Experiments carried out with certain fractions of the original ex- 
tracts gave results which seem to offer information on the activation 
by adsorbents. Forssman preparations which had undergone treat- 
ments designed to remove inactive material, although highly active in 
tests with immime sera, were no longer able to produce hemolysins 
on adsorption to kaolin. On the other hand, hemolysins appeared 
when these substances were injected along with pig serum. With 
this hapten preparation, therefore, we did not succeed in substituting 
kao lin for foreign serum, and the most obvious explanation would 
appear to be that some impurity is active in the enhancement of anti- 
genicity by adsorbents. In regard to this it is of interest to note that 
Plant (8), who was able to produce immune sera by the injection of 
brain hapten adsorbed to aluminum hydroxide, did not succeed in 
obtaining such an effect with a chemically pure substance, namely 
cholesterin, with which, however, antibodies can be produced, accord- 
ing to several authors, by admixture ndth antigenic protein. 

The experiments with carbohydrates point in a similar direction. A 
preparation obtained from F. cholerae by extraction with 75 per cent 
alcohol and treatment with alkali, gave a strong biuret reaction and 
moderately strong agglutinin and precipitin formation in rabbits after 
adsorption to charcoal. Further treatment with protein precipitants 
resulted in a substance gi\mg a negative or exceedingly faint biuret, 
and of very slight immimizing activity after adsorption. Carefully 
purified carbohydrates from B. pscudoanlhracis and Pneumococcus 
TjT)e I adsorbed to charcoal, and two different preparations of dex- 
tran< adsorbed to collodion particles and to charcoal, gave practicallv 
negative results. It would seem that noth the methods tried the 
carbohj'drates used have little or no capacity for engendering the 
production of precipitating antibodies, although this does not rule out 
the presence of such slight actmty as would be necessary' to give 
positive results in more delicate tests; c.g., the production of active 
immunity to infections, or skin reactions in human beings following 

‘ C/. Zosi>-a, J., J. Exp. M(d., 1932, 55, 316. 
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intracutaneous injections. In this connection mention should be 
made of the experiments of Tillett and Francis (22), Scliiemann and 
his collaborators (23), Enders (24), Sabin (25), Wadsworth and 
Brown (26), Ward (27), Felton (28), and tlie work by Aver}'^ and 
Goebel (29) and Francis (30) on the immunizing properties of the 
polysaccliarides of Pneumococcus Type I. 

That an increase in the output of antibodies sucli as Gonzalez and 
Armangue and Zoza 3 ^a® have reported may be obtained b}’^ tlie use 
of adsorbents is supported by the work of Glenny on alum-toxin mix- 
tures. Further ewdence is aflforded by tlie heteroalbumose ex- 
periment described, in ivhich the immunizing effect was enhanced 
considerably since a preparation of heteroalbumose with whicli it was 
rather difficult to produce antisera gave more active sera when ad- 
sorbed to alum or cliarcoal. 

For the immunization effects following adsorption to inorganic col- 
loids several explanations may be considered. The adsorbent may 
serve as a vehicle by means of whicli the substances are taken up b}’- 
cells or it may slow down their elimination or bring about a stronger 
inflammatory reaction. In support of the latter is the fact that tlie 
peritoneal cavity is markedly inflamed following tlie injection of the 
usual amount of kaolin (0.2 gm.). Since Forssman extracts are not 
always activated by adsorption to collodion particles, it would appear 
that to administer the material in the form of particles does not neces- 
sarily suffice to increase antigenicity. In the case of immunization 
effects obtained with foreign sera (and not with homologous serum), 
the antigenic property of tlie serum would still seem to play the de- 
cisive role. 

One may infer that the effects observ^ed following adsorptions such 
as those of Gonzalez and Armangu6, and of Zozaya in so far as they 
can be reproduced, are also due to an increase of preexistent antigenic 
activity wliicli might be attributed either to an antigenic function of 
the haptens themselves (31) or else to tlie concurrent action of other 
substances eitlier mixed or combined with the haptens. 

® In a later paper (/. Exp. Med., 1933, 67, 38) Zozaya tentatively explained 
marked differences observ'ed in the antigenicitj’ of various polysaccharides on the 
assumption that the carbohydrates had lost their immunizing property in tlie 
process of purification while retaining their serological activity. 
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SUMMARY 

Experiments are described ■wbidi confirm the obser\’^ation of Gon- 
zalez and Armangue that heterogenetic extracts can be made antigenic 
by adsorption to inorganic materials. With fractions of the original 
extracts from which a part of inactive material had been removed no 
such enhancement was observed, whereas with foreign protein an 
activation was still possible. Carbohydrate preparations behaved 
similarty in that purification, perhaps loss of protein, was accompanied 
by a distinct decrease in antigenicity after adsorption. The activity 
of a but slightly antigenic heteroalbumose preparation was markedly 
increased after adsorption to charcoal and alum. The most reason- 
able explanation for the effects observed by Gonzalez and Armangue, 
and Zozaya, seems to be that a preexisting antigenic capacity has been 
enhanced by the use of adsorbents. The experiments reported here 
support the view that these effects are influenced significantly by the 
presence of substances other than those of a specific nature. 
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Kala-azar is endemic in large areas of China, India and the Mediter- 
ranean basin. The most important unsolved problem in this disease 
is to find its natural mode or modes of transmission. This subject has 
been studied for 30 years by numerous workers both independently 
and as members of various kala-azar commissions. Much useful 
information has been accumulated, but no solution to the problem has 
been found. 

The most favored theory is that the disease is transmitted by the bite of an 
insect Numerous insects have been suspected, among them bed bugs, lice, ticks, 
mosquitoes and sand-flies. Of these the sand-fly of the genus Phlehotomns seems 
best to fulfil the requisites as an intermediate host. This insect readily becomes 
infected when feeding on cultures of Leishmania donovani or on patients or ani- 
mals sufieting from kala-azar; the parasites multiply and develop into flagellates 
in the intestine of the fl}", and eventually there may occur massive infection of the 
fore gut and pharynx of the phlebotomus. There exist many other facts which 
suggest that the sand-fly is the transmitting agent of the disease but the practical 
experience of many workers using hundreds of thousands of sand-flies, many thous- 
ands of susceptible animals and not a few human volunteers has failed to confirm 
this theory of transmission. In only one animal has kala-azar been thought to 
have been transmitted by the bite of the sand-fly and in this one instance the ew- 
dcnce is not conclusive that the disease was actually transmitted by the bite of 
the insect (1). 

The next most favored theorj- is that of direct infection through contact with 
infective material. It has been shown that both the urine and feces of patients 
sufTcring from kala-azar may at times contain \-iable leishmania. This mode of 
contaminative infection has been investigated by Shortt and his associates. They 
failed to infect any of thirty-two highly susceptible animals (Chinese hamsters) 
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by feeding them repeatedly over a long period of time on the deposit from the cen- 
trifuged urine of untreated cases of active kala-azar (2). They succeeded in in- 
fecting only one of thirty-two hamsters by feeding each animal repeatedly, over a 
long period of stud)'', with the feces of hamsters and of patients suffering from 
kala-azar (3). These studies suggest that it is possible although not probable 
that tlie disease may be transmitted by contamination ^vith the urine and feces of 
certain infected individuals without reference to the presence of an intermediate 
host. There exist no data in the medical literature on kala-azar concerning studies 
of other external excretions or secretions of the body. 

It is common knowledge that the Leishman-Donovan bodies in an 
individual suffering from kala-azar exist in many organs of the body, 
most abundantly in the mesenchymal macrophages (clasmatocytes, 
reticulo-endothelial cells, histiocytes) which are found in the adventi- 
tial coat of blood vessels, in the common connective tissues, and most 
abundantly in the spleen, bone marrow, liver and lymph nodes. The 
parasites may at times be found free in the tissues or may be engulfed 
by polymorphonuclear or mononuclear leucocytes of the blood. Nu- 
merous investigators have shown that a few parasites can be found 
in the leucocytes of the blood in a large proportion of patients. 

These facts, the known presence of leishmania in lymph nodes and 
in blood cells, suggested to us a new approach to the problem of the 
transmission of kala-azar. It is a well known fact that the disap- 
pearance of leucocytes from the blood stream is accomplished, at 
least to a considerable degree, by the pouring out of tliese cells into 
the gastrointestinal tract apd onto the surfaces of mucous mem- 
branes. It is also known that certain structures, tlie tonsils and 
adenoids, in the upper alimentary and respiratory tracts are lym- 
phoid organs, lymph nodes possessing a more or less specialized func- 
tion by virtue of their anatomical position. 

It is an interesting fact, indeed an almost unbelievable one, that the 
nasal and pharyngeal passages have not been searched for the presence 
of leishmania. There exist no records in the medical literature on 
kala-azar of the examination of the tonsils or adenoids or of the exu- 
date from these organs, for the presence of leishmania. The reason 
for the lack of interest in this phase of the subject becomes apparent 
as one reads the papers of and talks with the workers in this field. 
There have existed certain axioms regarding the parasite and its trans- 
mission which have militated against the theory that the parasites, 
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particularly viable ones, could exist in the secretions or on the surfaces 
of mucous membranes. Because the parasite is in one of the stages of 
its life cycle a flagellate, and is closely related to the parasite of Afri- 
can trypanosomiasis, known to be transmitted by the tsetse fly, it 
has been assumed by many workers, notwithstanding some evidence 
to the contrary, that an insect intermediate host is essential for trans- 
mission, Another general conception, and in our opinion a false one, 
is that the parasite of kala-azar is a delicate organism not capable 
of surviving in the presence of bacilli and cocci and unable to resist 
much change in its chemical or physical environment. 

EXPERIMENTAL 

During the last 5 months we have examined material obtained by 
gently passing ordinary culture swabs into the nasal passages of fifteen 
patients suffering from proved kala-azar and then smearing slides 
with the material so obtained on the swab. In nine of these fifteen 
cases we have found in the smears typical Leishman-Donovan bodies 
in small numbers. Some of the preparations revealed the leishmania 
readily after a few minutes of search whereas others required very 
careful study over periods of from 20 minutes to 2 hours before organ- 
isms were demonstrated. The parasites were in all respects identical 
with those obtained by means of puncture of the spleen or liver of the 
patients, which procedure was carried out in each case. The Leishman- 
Donovan bodies usually were extracellular although occasional ones 
were demonstrated within polymorphonuclear neutrophiles. The 
parasites existed in the presence of many contaminating bacilli, cocci 
and in some instances spirochetes. The Leishman-Donovan bodies 
were present also in the ordinary mucus or semipurulent material 
blown from the nose by the patients and existed independent of any 
bleeding or demonstrable mucous membrane lesions. Table I gives 
some of the data concerning the fifteen patients examined. 

In one instance (Case P7S) a swab lightly passed over the surface of 
the tonsil and then onto a slide demonstrated that the surface of the 
tonsil was the residence of significant numbers of typical Leishman- 
Donovan bodies. The saliva of this patient also contained a few leish- 
mania. The patient received 2.3 gm. of neostibosan in a period of 29 
days but died of complicating pyogenic infection. At autopsy the 
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tonsils were cxstmincci- Smonrs from tiicm rovcnlcd mnssivo infection. 
In some areas the smears contained many himdreds of leishmania in 
each oil immersion field. The section of the tonsil confirmed the im- 
pression gained from the smear. Many macrophages laden Tivith para- 
sites were in and under the mucous membrane. A small ulcerated 
area of the mucous membrane contained innumerable bacteria in pol}^- 
morphonudear cells and macrophages and in addition many leish- 
mania both free and intracellular were in the exudate of the ulcer. 
Many parasites were scattered throughout the whole tonsil chiefly 
concentrated in macrophages in the lymph cords and in the germinal 
centers of the follicles. 

Having proved that the parasites were commonly present in the 
nasal and oral secretions the next step in our investigation was to as- 
certain whether or not these leishmania were viable. The proof of 
this point in two cases was accomplished by- injecting intraperitoneaUy 
into hamsters emulsions, in normal salt solution, of the exudate blown 
by the patients from the nose into sterile Petri dishes. 

The hamsters were followed and, at the time of death or when sacrificed, smears 
were made from the spleen, liver and in some instances from h-mph nodes. These 
smears were subsequently stained with Wright’s stain and examined microscopi- 
cally. Pieces of liver, spleen, lymph nodes, bone marrow, lung, kidney and occa- 
sionallj- of other organs were fixed in Zenker-formol (formalin 10 per cent) and 
after sectioning, stained with hematoxj-lin and eosin. The results of these studies 
are shomi in Table II. 

For the first case (No. P94) twelve normal hamsters of one lot were selected. 
Five of the animals were inoculated with 1.0 cc. of the emulsion. Seven were held 
as control animals. Of the five injected animals two died 14 days after injection 
and at autopsy showed no demonstrable cause of death and no leishmania in 
smears or sections of the spleen, liver and l>-mph nodes. These two ani'malc did 
not live long enough for the e.xperiment to be satisfactory-. The remaining three 
injected animals were sacrificed at the end of 79, 93 and 93 days respectively. In 
two of these animals the spleen was slightly enlarged. Other than this no gross 
abnormalities were found. Two of the three inoculated animals which lived long 
enough for a satisfactory- e.xperiment showed in the smears and in sections of the 
liver and spleen at autopsy numerous leishmania. In one of these animals the 
peripheral l\-mph nodes were also infected, whereas the h-mph nodes of the other 
animal were not examined. 

Four of the seven control animals died spontaneously 10, 19, 21 and 21 days re- 
spectively after the beginning of the c.\periment. In one of these postmortem 
changes acre marked and no tissues were exarmned. The tissues of the other three 



Dala concerning Inlraperiloneal Inoculations into Chinese Hamsters of Emulsions in Normal Saline of Nasal 

Discharge from Two Patients with Kala-Azar 


496 


LEISHMANIA DONOVANI IN KALA-AZAS 


Presence or absence of Icish- 
raania in sections of 

Lymph 

nodes 

Neg. 

Neg. 

Pos. 

Neg. 

Neg. 

Neg. 

1 

Liver 


U U 

e 

o 

*3. 

C/3 


P. D. 

6 H 

. o 

u u 

1 c c 

M M 

Presence or absence of leish- 
mania in smears of 

Lymph 

nodes 


1 ^ ^ 

Liver 

bofcb, tB, 

'a ' 

1 th th 

o &> 

^ E B 

u c> 

Spleen 

Sflfl ^1 

^12: ';z; ' ^ ^ Z ' 

G* O* 

s . s 

, to O to O 

y 

l-H l-H 

History of animal 

Found dead 
Found dead 
Found dead 
Found dead 
Found dead 
Killed 

Killed 

Killed 

Killed 

Killed 

Killed 

Found dead 

Found dead 
Killed 

Living 

Living 

Living 

Killed 

Living 

Living 

Living 

Duration of 
eiperiment 


1 

45 

Incomplete 

Incomplete 

Incomplete 

48 

Incomplete 

Incomplete 

Incomplete 

Amount of 
emulsion 
injected 

o o o o o o o 

cCG_.c:_._ccc 

JJr-li-tQQO^O'^'^OOO 

52 12: IS 2; Is ^ 

u u o o 

£3 d c C 

ooo 

IS IS Is Is 

Inoculated 
or control 

Inoculated 

Inoculated 

Control 

Control 

Control 

Inoculated 

Control 

Inoculated 

Inoculated 

Control 

Control 

Control 

Inoculated 

Inoculated 

Inoculated 

Inoculated 

Inoculated 

Control 

Control 

Control 

Control 

Animal 

No. 

A21-H1 

A22-H2 

A23-H3 

A24-H4 

A2S-H5 

A26-H6 

A27-H7 

A28-H8 

A29-H9 

A30-H10 

A31-H1I 

A32-H12 

A33-H13 

A31-H14 

A35-H15 

A36-H16 

A37-HI7 

A38-H18 

A39-H19 

A40-H20 

A41-H21 

Case 

No. 

Cs 

P-* 

CO 

Jh«. 

P-. 














CLAUDE E. EORKJ5ER AND LILY S. ZIA 


497 


showed no leishmania when either smears or sections were examined. The three 
remaining control animals were sacrificed at the end of 82, 93 and 93 day's respec- 
tively and no leishmania were demonstrable in the tissues. 

For the second case (No. P78) nine normal hamsters of the same lot were divided 
into two groups, one of five which were inoculated and one of four held as controls. 
The five inoculated animals each received 1 cc. of emulsion of the nasal discharge 
of the second patient. Of these five, one died within 24 hours after inoculation. 
At autopsy diffuse peritonitis was found. The tissues were not examined micro- 
scopically. One of the remaining four inoculated animals was killed 45 days 
after the beginning of the experiment. Smears of tissue from the spleen and liver 
showed no leishmania hut the peripheral lymph nodes contained numerous typi- 
cal leishmania. The remaining three inoculated animals are still living and will 
be examined later at a more satisfactory time for terminating the experiment. One 
of the four control animals was killed 48 days after the beginning of the experiment 
but no leishmania could be foimd in smears of the spleen, liver or lymph nodes. 
The remaining control animals are still living. 

The results of our investigations have proved for the first time that 
leishmania can be demonstrated in the secretions of the nose or oral 
cavity or both in a large proportion of patients suffering from kala-azar, 
and that in two such patients, the only ones in which studies are com- 
plete, these leishmania were viable and capable of producing infec- 
tion in susceptible animals. 

The literature on experimental kala-azar contains numerous reports 
of the disease having been experimentally produced in hamsters, 
monkeys, mice, dogs and other animals by’- feeding with the infected 
tissues of man or animals or with feeding of cultures of the parasite. 
Indeed in one instance in man infection was believed to have been 
produced by the accidental sucking into the mouth of infected ma- 
terial (4). 

There exists, therefore, a series of facts which strongly support the 
theory of the transmission of the disease from person to person by way 
of the upper respiratory and alimentary tracts. This exndence con- 
sists of the facts enumerated above and is recapitulated as follows: 
(1) A rich source of infective material is present in the discharges from 
the nose and mouth of patients suffering from kala-azar. (2) Animals 
and presumably man can be infected readily by the ingestion of infec- 
rive material. 

The only point which now needs to be demonstrated to confirm the 
finding that one of the natural modes, possibly the most important 



498 


LEISHMANIA DONOVANI IN KA.LA-AZAR 


natural mode, for the transmission of kala-azar from person to person, 
by way of the upper respiratory and alimentary tracts, is actually to 
transmit the disease from an infected to a normal individual by these 
routes. 

This experiment has been approached in two ways, by transferring 
infected material from the nasal cavities of patients to the nasal and 
mouth cavities of hamsters and to the nasal cavities of two human 
volunteers. It is still too early to report the results of these experi- 
ments. 

The concept of the transmission of kala-azar from man to man by 
way of the upper respiratory and alimentary tracts suffices to explain 
many of the epidemiological problems in the disease. There is no 
serious objection to this concept either from the protozoological or 
the epidemiological point of view. A thorough consideration of these 
aspects of the problem will be given elsewhere. 

SUMMARY AND CONCLUSIONS 

1. Smears from the nasal cavities of fifteen patients suffering from 
kala-azar have been examined and in nine of these typical Leisliman- 
Donovan bodies have been found. 

2. Smears from the surface of the tonsil and from the saliva in one 
of the above nine cases showed the presence of leishmania. The ton- 
sils of this patient, who died as the result of kala-azar and secondary 
infection, at autopsy were show to be massively infected with Leish- 
man-Donovan bodies. 

3. Leishmania in the nasal discliarge of two patients were show by 
inoculation into susceptible animals to be viable and capable of pro- 
ducing infection. Sufficient time has not elapsed to determine the 
viability of the organisms from the remaining cases. 

4. These experiments show for the first time that a ricli source of 
infective material from a large proportion of patients with kala-azar 
is available for direct transmission of the disease. 

5. Strong evidence is presented as a basis for the concept that one 
of the natural modes, perhaps the most important natural mode, of 
transmission of kala-azar is from person to person by way of the upper 
respiratory and alimentary' tracts. 

6. Two normal human volunteers and numerous normal expcrimen- 
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tal animals have been inoculated into the nasal and oral camties with 
the nasal discharge, known to contain leishmania, from patients with 
kala-azar. The results of these experiments will be reported at a 
subsequent date. 
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Begg (1) and Murray and Begg (2), the first to describe endo- 
thelioma in chickens, proved that it vras caused by a filterable agent. 
In a previous article (3) vre have reported on a transmissible strain of 
leukosis of fowls (Strain 2) caused by a filterable agent that stimulates 
to apparently neoplastic growth not only several types of blood cells, 
but also endothelium. 

All filterable agents of chicken sarcoma thus far described are 
specific in the sense that they produce morphologically characteristic 
lesions (Claude and Murphy (4)), and the same was foimd by us to be 
true for two strains of chicken leukosis. Oberling and Guerin, on the 
other hand, suppose that the virus observed by them recently (5) was 
at first the common virus of leukosis of Ellermann and that this virus, 
while under their observation, mutated into a virus with affini ty for 
mesodermal and ectodermal tissues. 

Neoplastic processes are common in chickens and it is erroneous to attribute to 
the inoculum all t>-pes of neoplastic conditions occurring among passages of a attus. 
Our recent e.Yperience with Strain 2 is noteworthy in this connection. IMiile 
making passages with it two new transmissible sarcomas were isolated. One, a 
sarcoma composed of spmdle and poh-morphous cells and abundant collagenous 
fibers, occurred among the uninjected controls. Its subpassages were free from 
leukosis. Another, an osteochondrosarcoma, occurred in a chicken injected with 
Strain 2, and among the birds inoculated with tissues of this tumor there occurred 
leukosis, osteochondrosarcoma, and leukosis mixed with osteochondrosarcoma. 

* These investigations have been supported by a Fund for the Study of Leu- 
kemia. Mr. Charles Breedis assisted in the work, 
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Filterable agents of tumors and of leukosis present great variations in tlie loca- 
tion and morphological appearance of the lesions they produce. For instance, our 
Strain 2 is capable of producing a variet}’- of anatomically different lesions such as 
endothelioma, lymphomatosis, myelomatosis, and erythroleukosis. Moreover, 
each of these lesions occurs in a variety of forms, and the type of disease produced 
is independent of that of the donor. It is obvious that considerable work is 
required before the morphological range of a transmissible strain is established; 
and the occurrence of two instances of non-metastasizing epitlielial growth, as 
observed by Oberhng and Guerin among cliickens inoculated with tlieir leukosis 
virus, is insufficient evidence for the assumption tliat they were caused by the 
agent of leukosis. 

In this article the appearance of endothelial growth as it occurs 
among passages of Strain 2 will be described, and in the article that 
follows the results of experimental work aiming to determine the 
relation of endothelioma to leukosis will be described. Endotlielioma, 
infrequent as a spontaneous disease, appeared repeatedly in a variety 
of forms. The relationsliip of these varieties of endothelioma was 
established by the observation of transitional forms among tliem, the 
occurrence of different lesions in the same bird and in different birds 
that had been injected with material of the same origin. 

Novienclaiure 

Leukosis of fowls may be subdivided into: (1) b’mphomatosis, (2) m 3 '’elo- 
matosis, and (3) erytliroleukosis. Lj^mphomatosis of Ellermann (6) is identical 
with hemocytoblastic mj^elosis of Battaglia and Leinati (7). The origin and poten- 
tialities of the cells in tlie disease named by Ellermann bTOphoid leukosis and by 
Battaglia and Leinati hemocytoblastic mj'elosis still remain to be determined. 
Battaglia and Leinati consider them mother cells of granulocytes and erytliro- 
blasts; that is, hemocytoblasts in the sense of Ferrata (8). The large basophile 
lymphocytes of Strain 2 seem to be able to produce erj-throblasts, mj'elocytes, and 
Ij’mphocj'tes, and therefore function as hemocj’toblasts in the sense of Maximow 
(9). For this reason we have decided to use tlie term hemocytoblasts as a syno- 
nym for the large lymphocytes of Strain 2. Ljunphomatosis or hTOphoid leukosis 
of Ellermann includes a group of different diseases in some of whicli the predomi- 
nating cells are well differentiated lymphocytes, as in neurolymphomatosis, and in 
others the predominating cells are cells like large lymphocytes, tlie potentialities 
of which are unknown. No attempt will be made to subdivide Ij^mphomatosis 
until our study of this group of diseases has been completed. !Myelocytomatosis 
is the term used for the disease in which the infiltrations or tumor masses are com- 
posed of myelocytes and of almost no other cells. The term endothelioma refers 
to neoplasms of endothelium including those of the capillaries of the liver, spleen. 
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and bone marrow. Often it may be impossible to determine whether the tumor 
cells are of endothelial, mesenchjmal, or mesothelial origin. Similar difficulties 
have been met with in tissue culture studies of these cells, and Fischer states (10)^ 
that the endothelial cell of one investigator may correspond to the fibroblast of 
another investigator. 

Material of Study. Causation of Endothelioma. Associated Leuhotic 

Changes 

The origin and character of Strain 2 and methods of its transfer 
have been described (3). 

Among the first 150 chickens successfully inoculated with this strain 11 instances 
of leukosis were associated with endothelioma with giant cells. The 150 instances 
of leukosis were classified as follows: lymphomatosis (hemocidoblastosis) 72, 
myebcj-tomatosis 17, myeloblastomatosis 2, erj'throleukosis 8, atj-pical (mixed) 
leukosis 38, and untj-ped 13 (3). 3 instances of endothelial neoplasm unassodated 
with giant cell formation found in the same series and 17 instances of endothelial 
neoplasms found among chickens inoculated more recently with Strain 2 are the 
subject of this study. 

Table I shows some significant data on 33 chickens with endothe- 
lioma caused by Strain 2, and surveyed in this paper. 

The weight of the chickens varied at the time of inoculation from 110 to 1300 
gm. AU chickens studied were baby chicks or v'oung adult Barred Rock chickens. 
Four received sublethal doses of x-rays before inoculation, the rest were not 
irradiated. 

All instances of endothelioma observed were associated with either 
myelocytomatosis or hemoc^'toblastosis, or both. Since four cases 
were produced with cell-free agents (dried blood, plasma, plasma fil- 
trate, and frozen blood respectively) and since all but three of the 
other cases were caused by inoculation of fresh blood, it is evident that 
endothelioma arises through stimulation of endothelial cells of the 
host with no implantation of tumor cells. All but four of the chickens 
whose blood was used for transfers were free from endothelioma, and 
it is unlikely that even in these four endothelial cells were present in 
the circulating blood. It is likewise improbable that the large hnn- 
phocytes circulating in the blood of chickens inoculated with tbi<; 

* Fischer (10), p. 391. 
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Strain would have clianged into endothelium. Moreover, morpho- 
logical appearances indicated that endothelioma developed in situ 
through proliferation of preformed endothelium. 

The blood smears of all but one chicken gave evidence of leukotic changes- 
The changes were first observed from 11 to 59 days after injection and lasted until 
death in all but two cliickens. In these two tlie immature cells disappeared from 
the peripheral blood several daj's before deatli. In most cases tlie presence of 
numerous potychrome er3'’tliroc3’-tes and er3'throblasts and occasional basophile 
er3"throblasts in the blood indicated anemia, and in a few cases tlie relative^’ 
large number of basophile er3'tliroblasts suggested er3'tliroleukosis. The presence 
of large numbers of cells like l3TOphocytes in the bone marrow, presumabh’’ mostl3f 
primitive erytliroblasts, also often suggested erythroleukosis, but stasis of tliese 
cells in internal organs, the most cliaracteristic feature of er3’^throleukosis, was not 
observed in the chickens in which endotlielioma was associated witli leukosis. 
Large basophile l3'mphoc3'tes (hemoc3'toblasts), illustrated in our previous com- 
munication ( 3 ),^ were seen in tlie blood of all but three chickens; their number 
varied from a few to approximately 100,000 per c.mm. Thus diere were no blood 
changes cliaracteristic of endothelioma; the blood smears showed tlie presence of 
either secondar3’' anemia, or er3fthroleukosis; in otliers, myeloc3domatosis, or 
hemoc3doblastosis, or, most commonl3’-, mixed leukosis (Table I). 

The birds died from 32 to 118 da3's after inoculation. Some were emaciated at 
the time of death; others were ivell nourished and died suddenly of hemorrhage 
from an endothelial tumor. 

M orphological Characicrisiics 

In many instances the endothelial growth w’^as small and was dis- 
covered only on microscopic examination. In the majority of in- 
stances, however, stimulation of endothelium resulted in the forma- 
tion of tumors varying greatly in size, from a few millimeters to 7 cm. 
One large tumor attached to the liver is shown in Fig. 1. 

Endothelial growth varied in color; it w^as yellowish gre}--, grey, or 
red, and it was often spotted by minute, yellowish, necrotic areas. 
In contrast to endotlielioma, myelocytoma nodules were white, and 
Ijonphomatous tumors grey. Necrosis and hemorrhage were common 
in endothelioma. 

The small yellowish areas with endothelioma were composed of 
necrotic tissue and were surrounded by multinuclear giant cells (Fig. 
9). These cells often show’ed in sections cut at 7 ju from twenty to 


- Furth (3), Figs. 3 to 5. 
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fifty nuclei, and it is estimated that many contained hundreds of 
nuclei (Fig. 6). They resembled those described and illustrated by 
Murray and Begg (2). Tumors with giant cells were found in eleven 
of the first 150 birds successfully inoculated with Strain 2, and then- 
occurrence called our attention to the ability of Strain 2 to produce 
endothelioma. Other types of endothelial growth were not considered 
in our first report. 

Since necrosis was often absent in endothelial tumors with giant 
cells, it is evident that the formation of the giant cells is not secondary 
to necrosis. A giant cell tmnor free from necrosis is shown in Fig. 6 
and a similar neoplasm invading the bone marrow is shown in Fig. 8. 
In Fig. 6 there are numerous transitional forms between mononuclear 
and multinuclear giant cells. This photomicrograph, taken of a 
tumor in the lumbar region, shows invasion of nerves. In sections 
of giant cell tumors with necrosis, stained by Ziehl-Neelsen’s method, 
no microorganisms were seen. 

The nuclei of the endothelial tumor cells and notably those of 
endothelial giant cells are, in contrast to those of most malignant cells, 
poor in chromatin. They contain a large, sharply outlined, spherical 
body stained intensely red with azure, that takes the place of the 
nucleolus but lacks its basophilia. Giant cells are usually considered 
as evidence of disturbed cell division; the nuclear characteristics of 
the endothelial giant cells may be regarded as morphological evidence 
of cell injury. 

Endothelioma with giant cell formation was observed in the follow- 
ing locations; liver, lung, mesentery, intestinal tract, th>Tnus, bone 
marrow, spleen, ovarj’-, pancreas, skin, e 5 ’-e, kidne}', and voluntary- 
muscle. Smce only a few tumors of each bird were examined micro- 
scopically, the distribution and frequency' of this type of lesion can- 
not be accurately given. It seems to be most common in the liver. 
The following is the brief history' of a fowl with endothehoma showing 
giant cells. 

No. 3302.— The bird was inoculated Dec. 17, 1932, intravenously and intra- 
muscularly with h-mphomatous tumor tissue of Xo. 2930. Blood ^ears taken 
repeatedly until Mar. 20, 1933, were negative. On Apr. 4 a few polychrome 
co-throc>-t(S and ciythroblasts and myeloo’tes were seen in the blood smear. It 
died Apr. 5. The bird n-as well nourished and well developed. There was no 
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tumor at the site of inoculation. Attached to the breast bone there were numer- 
ous whitish myelocytoma nodules. Endotlielioma with numerous multinuclear 
giant cells had caused consolidation of the greater part of the lung. The liver 
■was studded with minute white nodules of myeloc}'toma and contained an occa- 
sional yelloudsh gre}’’ nodule of endothelioma with multinuclear giant cells (Fig. 9). 
In the portal area mesench 5 Tnal or endothelial growth was associated with myelo- 
cyte formation as shown in Fig. 18. The cavit}’’ of the bone marrow was narrowed 
by spongy, in greater part osteoid, tissue, in the meshes of which were numerous 
multinuclear giant cells (Fig. 8). The marrow of the femur was spotted thickl}’^ 
with large necrotic areas surrounded by tumor tissue \sith giant cells. The pulp 
of the spleen was congested and studded uith ver}’- large mononuclear cells and 
giant cells with from two to seven nuclei (Fig. 7). Germinal centers were absent; 
in their place there were foci composed of large round and multinuclear cells like 
those tliat occupied the pulp. These abnormal cells seemed to have originated in 
the endotlielium of the spleen. Their invasive propert}’’ was made manifest by 
their penetration through and destruction of the muscular wall of large veins. 
There were many mj^elocytes originating in the spleen. In the heart muscle there 
were small foci of extravascular, diffuse infiltrations composed of tumor cells like 
those seen in the spleen. The tumors attached to the bones were composed largely 
of myelocytes that w'ere invading the surrounding fatty tissue. Adjacent to these 
myelocytomas there were areas of necrosis with multinuclear giant cells. 

The endothelial character of some of the tumor cells of Strain 2 
was clearly shown when multiple endothelioma was associated with 
hematoma, as illustrated in Fig. 3 (No. 3467). 

In one chicken (No. 3443) bleeding from an endothelioma nith hematoma, 
approximately 0.5 cm. across and situated at tire upper part of the right liver lobe, 
was the immediate cause of death. In No. 3467 the hematomata were surrounded 
by endothelial cells forming a coherent sarcoma-like growth. These cells sur- 
rounded cavities or channels and formed irregular or papillomatous prominences 
projecting into the lumen (Fig. 4). Within the cavities thus formed hemocyto- 
blasts were abundant and mature erj'throcytes were present in small numbers, 
whereas in the adjacent hematoma erythrocytes were abundant and leukocytes 
were few. The nuclei of most of the endothelial cells were swollen; many of these 
cells protruded into the channels or cavities formed by the tumor cells and some of 
them were detached (Fig. 4). Some of these detached large round cells with large 
pale stained nucleus and dark stained nucleolus resembled closelj' the endotlielial 
cells; other cells of smaller size with darker stained nucleus with conspicuous 
nuclear structure resembled hemocytoblasts, and there were transitional forms 
between these two tj-pes of cells. 

The following is the brief history of a fotvl having endothelioma with 
multiple hematomata. 
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No. 3467 . — ^The bird was inoculated intravenously on Mar. 16, 1933, •with 
washed blood cells oi No. 3397. On Apr. 11 there were numerous polychrome and 
basophile er>-throblasts in the blood smear, later mj-elocj-tes and basophile l>-m- 
phocytes appeared in the blood and mitotic figures among the erythroblasts were 
numerous. It was killed for study on Apr. 20. The mesenterj- was studded -with 
1 to 4 mm. red tumor nodules (Fig. 3) formed by the endothelial growth just 
described. Similar tumor nodules were seen in the spleen (Fig. 3) and ovary. 
At the aperture of the thorax there was a hematoma of approximately 3 cm. across, 
the origin of which was not determined. In the liver, nerves, adrenal, and the 
adjacent sjanpathetic ganglion, there was mild to moderate infiltration by hemo- 
cj'toblasts, and mitosis of these cells in the infiltrated tissues indicated multiplica- 
tion in situ. The marrow was almost completely replaced bj' hemocj'toblasts and 
erj'throblasts. 

Endothelioma -with the formation of channels, but -svith little or no 
differentiation of endothelial cells into blood cells, is shown in Fig. 11 
(No. 3572). 

This section was taken from one of several small (3 to 5 mm.) red tumors that 
•were attached to the rib. On inspection •with low magnification the tissues com- 
posing the greater part of this tumor resemble j’oung, loose, cormective tissue. It 
is evident with higher magnification, however, that the endothelium of the sinu- 
soidal capillaries of this tumor is hj-pertrophied and hj-perplastic, and that many 
of the elongated cells in the loose tissue surrmmding these capillaries are in appear- 
ance indistinguishable from the lining ceUs of the capillaries. This picture 
recalls experiments made with tissue culture {cf. 10) that showed transformation 
of endothelial cells into cells indistinguishable from fibroblasts, and it illustrates 
the difficulties of distinguishing young endothelial cells from young fibroblasts. 

Similar but more compact sarcoma-like endothelial growth was 
seen in the bone marro-w of this bird (Figs. 12 and 13). There -were 
numerous areas of hematoma in this organ and the greater part of it 
was occupied by primitive cells like large Ijunphocytes. It showed 
little if any sign of endothelial proliferation. Amidst this h>T>er- 
plastic marrow there were, however, areas with multinucleated endo- 
tliclial giant cells. Such alterations show that the agent of Strain 2 
has an affinity for both endothelium and primitive blood cells, and 
that stimulation of each tj'pe of cell occurs independentlv. 

In the breast muscle there was a tumor appro.ximately 1 cm. across. 
Tliis tumor •ivas red at the periphery’, grey m the center. It was com- 
posed of nests of cells like large lymphocytes in endothelium-lined 
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spaces and separated from each other by dense connective tissue 
(Fig. 10). 

Thus in tliis chicken two types of endothelial neoplasms were 
found; one was formed by sarcoma-like cells, the other by multi- 
nuclear giant cells. 

Endothelial tumor growth of a different pattern, occurring in No. 
3607, is sho^vn in Figs. 15 and 16. 

In the solid tumor there were numerous narrow clefts, each surrounded by 
several Ia 3 ''ers of hj^perplastic endothelium and tire lining endothelium was part 
of this growth. The adult connective tissue matrix that separated the foci of 
endothelial cells was abundant in some parts of the tumor, scarce in other parts. 
The endotlielial tumor shown in these figures resembles the fibro-angio-endothe- 
lioma of Ewing (11).® Endothelial neoplasms, mostlj'^ witli hematoma and 
var 3 'ing in size from a few millimeters to about 3 cm. in longest diameter, were 
found in the liver, lung, tl^mus, kidne 3 % ovar 3 ', mesenter 3 '’, and muscles of this 
bird. 

Some of the hematomata seen in this bird were evidentl 3 ' of old standing, for 
one in tlie liver and another in the kidne 3 ’- were surrounded by fibrous capsules of 
more than 100 fi in thickness, and in the kidney some of the fibroblasts of tin’s 
tliick capsule were growing into the hematoma. 

The origin of some of the hematomata in endothelial growth was not 
shown by the sections made, but it is possible that tliis might have 
been shown through serial sections. INIinute endothelial lesions 
detectable only by microscopic examination may obviously give rise 
to extensive hematoma. Sucli was the case in No. 3334, in which there 
was a hematoma 1.5 X 1.5 X 2 cm. at the aperture of the thorax. 
At the periphery of this hematoma there were incomplete tubules, 
mainly composed of cuboidal endothelial cells and containing eryth- 
rocytes (Fig. 14). 

In different organs of the same bird the microscopic appearance of 
endothelial growth varied greatly; c.g., in this bird (No. 3334) there 
was also a solid tumor in the liver, about 1 cm. across, that showed, 
under the microscope, a sarcoma-like growth similar to that illustrated 
in Fig. 17. 

Tubule formation resembling adenoma or adenocarcinoma, as shown 
in Fig. 5 (No. 3366), was seen in the liver of several chickens. 


^ Ewing (11), Fig. 132. 
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The endothelial character of the cells forming such tubules is indicated bj- their 
origin in endothelium, by the character of the nucleus of the cells, and by the 
presence of blood cells in the tubules. The continuitj’ of the cuboidal cells forming 
these tubules wth the endothelial cells of the capillaries of the liver is clearly seen 
at the edge of the neoplasm where part of the capillaries are formed by normal flat 
endothelial rp1k and part by cuboidal endothelial cells. Stimulated endothelium 
of liver capillaries assumed either gland-like growth as shown in Fig. 5, or grew in 
a densely packed, perhaps sjmcj-tial mass of tumor cells as shown in Fig. 17. 

GronTh of endothelial or mesenchymal cells was often found in the 
portal area of chickens inoculated with Strain 2. Fig. 18 (No. 3338) 
shows a dense mass of cells that resemble cj’-tologically the endothelial 
cells already described. Adjacent to them are myelocytes and some of 
the myelocytes can be distinguished from the mesenchyunal or endo- 
thelial cells merely by the presence of eosinophile granules. This 
suggests that the mj'^elocjdes have arisen by the deposition of granules 
in the non-granular endothelial or mesenchymal cells. Fig. 18 may 
be interpreted as morphological evidence of the transformation of 
mesenchyme or endothelium into mj-elocytes without the intermediary 
stage of hemocytoblast or my^eloblast (Maximow (9)).'* In another 
part of the liver of this bird (No. 3388) the endothelial or mesenchymal 
cells were elongated and one cell was anastomosed with another. 

A section taken from the large tumor shown in Fig. 1 showed only 
sarcoma-like growth (Fig. 2) . The endothelial character of this tumor 
is suggested by the formation of channels. Its causation by Strain 2 
is suggested by the results of the transmission experiments because the 
two chickens injected with an emulsion of this tumor tissue died of 
lymphomatosis. 

Sarcoma-like growth obseived in two chickens after intramuscular transmission 
of Strain 2 will be more fully described in the article that follows. The growth ap- 
peared at the site of injection and distant lesions showed only leukotic alterations. 

Ciacdo (12) was the first to describe s>-ncytial tumor growth of endothelium in 
man, to which he gave the name of syncytial endothelioma. The microscopic 
appearance of this growth in the Ij-mph node of a man bears, as shown by the 
photographs of Ciacdo, a striking resemblance to some of the growth caus^ bv 
the agent of Strain 2. Ciacao, too, was unable to decade whether the cells forming 
the tumor were endothdial or mesenchymal cells of the lymph node, but rightly 
considered that the histogeneUcal, anatomical, and functional relarions of these 

* Maximow (9), p. 372. 
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two titles of cells are so dose as to make it probable that the unknown agent tliat 
gave rise to the tumor might have stimulated either tj’-pe of cell. 

Diffuse infiltration by detached cells resembling large lymphocytes 
and by mesenchymal or endothelial cells forming dense, perhaps 
syncytial masses were not uncommon in the same bird and in the 
same organ. In some organs, such as nerves, the infiltrating cells 
were almost invariably detached. Occasionally, however, the cells 
infiltrating the nerves were large, palely stained, and appeared to be 
connected. Both types of infiltration occurring in the same nerve 
are shown in Figs. 21 and 22; the cells at the periphery of the nerve 
are the anastomosing cells and appear to have orginated either in 
perineural mesench3mie or in endothelium. The cells that infiltrated 
the central parts of the nerve resembled large lymphocytes. 

A tumor composed of large, round cells (Figs. 19 and 20) (No. 3432) 
was found adjacent to the thyroid gland. It measured approximately 
1 cm. across, contained thymic tissue, and apparently originated in or 
about a thymic lobe. The large size of the cells forming this tumor, 
their pale stained nucleus with compact dark stained nucleolus, and 
the numerous binucleated cells distinguish them from primitive blood 
cells. There was no evidence of maturation of these cells into blood 
cells. S im ilar tumor growth was seen in the mesentery of other 
chickens invading the proventriculus, gizzard, duodenum, and 
pancreas. 

Evidence for the view that endothelium stimulated by the agent of 
Strain 2 produces blood cells is furnished in Fig. 23 (No. 3489). Here 
is seen the development of hemocytoblasts from endothelium within a 
sinusoid of the bone marrow lined by the activated or neoplastic 
endothelium. This sinusoid is surrounded by young, granular leuko- 
cytes. This picture, as well as Figs. 24 and 18 suggests, furthermore, 
that myelocytes may arise by the deposition of acidophile granules in 
endothelial or mesendiymal cells. By contrasting Fig. 23 with the 
figures shown in the report of Ratcliffe and Furth (13) on the patho- 
genesis of er>dhroleukosis, it can be observed that Strain 1 activates 
the primitive blood cells and not the endothelium of the marrow, 
whereas Strain 2 may activate both types of cells. 

Sections are less suitable than blood smears for the study of the 
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maturation of hemocytoblasts into various types of blood cells. 
Blood smears of chickens inoculated with Strain 2 show abundant 
transitional forms between hemocytoblasts, on the one hand, and 
t3T)ical erythroblasts, myelocytes, and lymphocytes, on the other hand. 

DISCDSSION 

Type of Cells Stimulated by Strain 2. Hemopoietic Potentialities of 
Mesenchyme, Endothelium, and Primitive Blood Cells. — Sufficient data 
are not available to present a clear-cut picture of the pathogenesis of 
Strain 2, which seems to cover almost the entire field of blood forma- 
tion. It causes a tumor-like multiplication of mesenchyme or 
endothelium. These adherent, or perhaps syncytial, cells either 
remain undifferentiated or they become detached and transformed 
into ceils like large lymphocytes (hemocytoblasts). In blood smears 
of chickens injected with Strain 2 there are numerous transitional 
forms between these large lymphocytes, on the one hand, and erythro- 
blasts, myelocj'tes, and small lymphocydes, on the other hand. Mye- 
locytes appear also to arise in cells of endothelial type without the 
intermediary stage of large lympho(ytes. Most myelocytes develop, 
however, by mitotic division of myelocytes, and most eryiihroblasts 
develop by multiplication of primitive erythroblasts. 

The endothehal, mesenchymal, or mesothelial origin of the growth 
often cannot be determined {cf. the studies on the morphological and 
functional relationship of endothelium to mesenchyme (9, 10, 14)). 
It is evident, however, that several genetically closely related ty^pes 
of cells may become stimulated by the agent of Strain 2. 

Sabin, Doan, and Cunningham bring evidence to show {cf. 15) that 
lymphocy'tes and granulocydes arise from mesenchyme, erythroblasts 
from endothelium. Since endothelium of the blood-forming organs, 
according to the now prevailing ^^ew, is flattened mesenchyme, the 
distinction between the views of these investigators and those who 
believe that all blood cells are derived from a single ty^pe of fixed cell 
has little significance. Our obser\-ations are in accord with those of 
Sabin, Doan, and Cunningham and indicate that erythroblasts arise 
intravascularly in the chicken, myelocy'tes and lymphocytes extra- 
vascularly, usually perivascularly. The mother cell of all blood cells 
is ob\iously cither mesenchyme or its differentiated form, the endo- 
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thelium of the blood-forming organs, and tlie type of cell produced 
depends upon the growtli stimulus. Under ordinary conditions the 
endothelium of the blood-forming organs of adult cliickens is not 
hemopoietic, and blood cells arise mainly by multiplication of primi- 
tive blood cells. Nevertheless, when stimulated by agents such as 
that of Strain 2, the endothelium may become hemopoietic. It is 
noteworthy that in tlie chick embryo the formation from endotlielium 
of large round cells like hemocytoblasts may be observed in numerous 
organs. Nonidez (16) has described it in the ovary, testis, meso- 
and metanephros, adrenal, and epididymis. 

Local conditions influence the type of growth produced by the 
agent of Strain 2. Certain organs or parts of organs have a predis- 
position for characteristic growth; e.g., the cells infiltrating tire nerves 
and myocardium are almost exclusively large l}mphocytes, the tumors 
attached to the bones are composed of myelocytes, and of almost no 
other cells, and the cells formed within the sinusoidal capillaries of the 
marrow are largely primitive erythroblasts. The tumors of the 
mesentery are usually composed of very large round cells or giant 
cells. The growths induced in the breast muscle and tliymus by 
injections of tissues containing the agent of Strain 2 are usually 
hemocytoblastic, and occasionally hemocytoblastic and sarcoma-like. 

In order to obtain conclusive evidence of the origin of growtlis pro- 
duced by the filterable agents causing tumors and leukosis as also of 
the potentialities of endothelium, mesenchyme, and primitive blood 
cells stimulated by these filterable agents, studies on living tissue (c.g. 
in culture, or in the Sandison-Clark clramber) are desirable. 

Histological Types of Eitdothclioma in Mai: and in Fowl . — Most histological 
types of endotlielioma described in man have been observed in chickens injected 
■s\dth Strain 2. E\ving’s “interfascicular” type has been described here as sar- 
coma-like, his “alveolar” type as glandular, his “plexiform” and “diffuse” tj-pes 
as sarcoma-like or syncytial. Giant cells are rare in endotlielioma of man, com- 
mon in endothelioma of chickens. Brosch and Ewing describe giant cells of the 
Langhans type in endothelioma of man (cf. Ewing), and some of tlie multinudear 
giant cells of avian endothelioma resemble closely those of an avian tubercle. 
Endothelioma of tlie bone (endothelial myeloma of Ewing) is rare in chickens 
but myeloma (myelocytoma) is common. Evidence has been presented above tliat 
the myelocytes of chickens may originate in mesenchymal or endothelial cells 
under the stimulus of the same filterable agent that causes endothelioma. The 
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similaritj’ between sjTicj’tial endothelioma of man (cf. Ciacdo) and of chickens has 
already been mentioned. The association of endothelioma with leukemia is rare 
in man. Ewing observed a case of Ij-mphatic leukemia associated with alveolar 
endothelioma. The tumors arising in endothelium of hunph nodes and usually 
classified as large-ceE Ijanphosarcoma may be considered as a link between leu- 
kemia and endothelioma. 

CONCLUSIONS 

WTien stimulated by a filterable agent of leukosis of chickens (Strain 
2), endothelium may undergo seemingly unrestricted growth. These 
neoplasms of endothelium are usually tmaccompanied by the forma- 
tion of blood cells. Occasionally they produce hemocytoblasts, 
discharged like those of the normal marrow into vascular channels 
as also myelocytes about the vessels. 

The same agent that stimulates endothelium also stimulates ery- 
throblasts, myelocytes, and hemocjdoblasts to imrestricted growth 
without obviously affecting the endothelium; and the association of 
endothelioma and leukosis is the result of stimulation of several types 
of cells by a single virus. Myelocytes appear also to develop from 
mesench 3 ’mal or endothelial cells without the intermediary stage of 
hemocytoblasts. 

It is often impossible to determine whether the neoplasms caused 
by the virus of Strain 2 are of endothelial or mesenchjmal origin, and 
it is possible that both types of cells may be stimulated by the same 
virus. Types of sarcoma like those described by Rous are not pro- 
duced by the virus of Strain 2. 
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EXPLANATION OF PLATES 

All sections were prepared from tissues fixed in Zenker-formol solution and were 
stained either with hematoxylin-eosin or vith hematoxylin-eosin-azure solutions. 
The magnifications given are approximate. 

Plate 31 

Fig. 1. (No. 3396.) A large tumor (a) attached to the left lobe of the liver, a 
small tumor (b) in the upper part of this lobe, and two tumors (c) at the site of tlie 
ovarjL 

Fig. 2. (No. 3396.) Microscopic appearance of tlie endotlielial tumor of the 
liver shown in Fig. 1. The tumor cells form rows and tubules. X 100. 

Fig. 3. (No. 3467.) Multiple endotlieliomata with hematomata of tlie liver. 
Fig. 4. (No. 3467.) Microscopic appearance of the small irregular cadties in 
the endothelial growth shown in Fig. 3. The cavities are lined by endothelial 
cells and several of these cells are detaclied. The cavities are filled chiefly vitli 
hemocytoblasts. X 300. 

Plate 32 

Fig. 5. (No. 3366.) Endothelioma of tlie liver composed of cuboidal cells tliat 
are continuous with the endodielium of the liver capillaries. X 300. 

Fig. 6. (No. 3546.) Endothelioma lAth giant cell formation infiltrating 
nerves. X 100. 

Fig. 7. (No. 3302.) Diffuse endothelioma with giant cell formation in the 
spleen. X 300. 

Fig. 8. (No. 3302.) Endothelioma mth giant cell formation in the marrow 
cavity of the femur. X 150. 

Fig. 9. (No. 3302.) Endothelioma with giant cell formation in tlie liver. 
X 50. 

Plate 33 

Fig. 10. (No. 3572.) Microscopic appearance of a red tumor occurring in the 
muscle. Abundant connective tissue separates nests of intravascularly located 
hemocj’toblasts. X 150. 
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Fig. 11. (No. 3572.) Microscopic appearance of a small endothelial tumor that 
was attached to the rib. The endothelium of the sinusoidal vessels is greatly 
hj-pertrophied and the elongated cells in the loose tissue surrounding the sinu- 
soidal vessels are in appearance indistinguishable from the endothelial cells that 
line these channels. X 300. 

Fig. 12. (No. 3572.) Shows two tj-pes of lesions in the bone marrow: (a) 
sarcoma-like growth of endothelial cells; (i) hj-perplasia vrith formation of erj-th- 
roblasts and cells Uke large 13 'mphocj'tes. X 80. 

Fig. 13. High magnification of the sarcoma-like growth of endothelial cells 
shown in Fig. 12. X 250. 

Plate 34 

Fig. 14. (No. 3334.) Endothelial growth at the edge of a hematoma. X 250. 
Figs. 15 and 16. (No. 3607.) Endothelial growth with the formation of narrow 
clefts sinrounded bj-^ tumor cells. Abundant connective tissue separates the fod 
of endothelial growth. Magnifications: Fig. 15, X 100; Fig. 16, X 300. 

Fig. 17. Extensive endothelial growth in the liver of No. 3490. X 300. 

Fig. 18. hlesench\-mal or endothelial growth in the portal area of the liver (No. 
3338). There are numerous eosinophile granules in many of the tumor cells. 
X300. 

Plate 35 

Figs. 19 and 20. (No. 3432.) Large round cell sarcoma of the thj-mus, prob- 
ably of endothelial origin, hlagnifications: Fig. 19, X 150; Fig. 20, X 700. 

Figs. 21 and 22. (No. 3571.) Two tj-pes of infiltration in nerves, hemocj'to- 
blastic and endothelial or mesenchymal. In Fig. 22 hemocj-toblastic infiltration 
in the lower part of the field, endothelial or mesenchj-mal in the upper part. 
Magnifications: Fig. 21, X 100; Fig. 22, X 200. 

Fig. 23. (No. 3489.) Hj-pertrophy and hj-perplasia of the endothelium of a 
sinusoidal capillar>- of the bone marrow. Detached endothelial cells and hemo- 
cytoblasts occupy- the sinusoid that is surrounded by mj-docj-tes. X 400. 

Fig. 24. (No. 3489.) An area of bone marrow with formation of myelocjtes 
from endothelial or mesencbj-mal cells. X 350. 
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QUANTITATR^E STUDIES ON THE PRECIPITIN REACTION 

The Role oe Multiple Reacti\'e Groups in Antigen-Anttbody 
Union as Illustrated by an Instance oe 
Cross-Precipitation* 

By MICHAEL HEIDELBERGER, Ph.D., axd FORREST E. KENDALL, Ph.D. 

{From the Department of Medicine, College of Physicians and Surgeons, Columbia 
University, and the Presbyterian Hospital, Nrur York) 

(Received for publication, Januarj' 9, 1934) 

The writers have been studying an antigen-antibody system in 
which the antigen was the red dye, R-salt-azo-benzidine-azo-crystal- 
line egg albumin* (1, 2), fractionated to the extent that it reacted 
only exceptionally with anti-egg albumin sera. However, as stated 
previously (2), the original specificity was not entirely abolished, 
since antisera to the dye protein yielded precipitates with crj^stalline 
egg albumin. A quantitative comparison of the dye-antidye and 
egg albumin-antidye reactions disclosed great differences, as will 
readily be seen from Table I and the corresponding Fig. 1. In the 
latter the solid curve (I) represents the amount of antibody ([total 
N — antigen N] X 6.25) precipitated per cubic centimeter from an 
antidye rabbit serum by varying amounts of dye protein; the broken 
curve (II) shows the amoimt of antibody precipitated by varying 
amounts of egg albumin from the same serum, while the dotted curv^e 
(III) represents antibody precipitated by egg albumin from anti- 
egg albumin of similar precipitin content. The conclusions regarding 
antigen-antibody interaction drawn from the data will be discussed 
below. 

* The work reported in this communication ■n-as carried out under the Harkness 
Research Fund of the Presbyterian Hospital. 

• Referred to throughout this communication as “dye protein” or “dve.” 
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EXPERIMENTAL 

When small quantities of antigen are added to antibody in the dye-antidye^ 
system, or egg albumin (E.A.)-anti-E.A.3 system, antigen cannot be detected in 
appreciable amounts in the supernatant from the spedfic predpitate until the 
equivalence point is reached; that is, the point at which the sum of the molar 
concentrations of both components is at a minimum. However, in the E.A.- 
antidye system small amounts of E.A. often fail to jHidd precipitates with antidjn 
(although larger amounts do) but may be demonstrated by the addition of anti- 

TABLE I 


Analytical Data on Direct and Cross-Precipitin Reactions 


Antigen added per 
cc. antiserum 

Protein precipitated 
per cc. 

Reaction of_ 
supernatant with 
anti-E.A. 

Antibody precipitated 
per cc. 

Reaction 

of 

superna- 
tantwith 
anti dye 

Anti-E.A. 
Solution 
B. 1S7 

Serum 

7.42 

antidye 

Anti-E.A. 
Solution 
B. 157 

Serum 7.42 
antidyc 

mg. 

mg. 

mg. 


mg. 

mg. 


E.A. 







0.007 

0.10 


— 




0.017 

0.21 


— 




0.033 

0.44 

1 

— 

0.41 



0.067 

0.67 

1 


0.60 



0.075 


0.07 

++ 


0.06 


0.10 

0.75 


! 

0.68 



0.15 


0.10 

+++ 

1 

0.09 (A) 


0.167 

0.42 


+++ 

0.36 



0.72 


0.61 

++++ 


0.55 


1.50 


0.69 



0.63 


Dye protein 







0.075 


0.75 



0.68 

— 

0.15 


0.78 



0.70 (B) 

-1- 

1.0 


0.19 



0.16 



E.A., which quickly forms a predpitate (see also Table I, Columns 4 and 7). 
This affords evidence for the dissociation or greater solubility of the E.A.-antid 3 'e 
complex and for the absence in the antidye serum of the characteristic antibody 

‘Antidye is defined in this artide as the antibodj^ produced in rabbits on 
injection of preparations of R-salt-azo-benzidine-azo-crystalline egg albumin 
which have been fractionated so as to remove substantially all material precipitat- 
ing in anti-egg albumin sera. 

® Anti-egg albumin is defined as the antibody produced in rabbits on injection 
of crj'stalline egg albumin. 
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to E.A. That solubility alone does not account for the observations summarized 
in the table and the figure is indicated by the continued increase in precipitation 
at concentrations of E.A. far higher than those necessary for combination vrith 
all of the antibody, just as addition of an ion in common drives back the disso- 
dation of a sparingly soluble salt and increases precipitation. 

The quantitative determinations of precipitin were made by the method pre- 
viously described (2). In the case of the E.A.-anti-E.A. sj'stem (in which the 
antibody solution contained the total globulin from three different anti-E.A. 
rabbit sera) the total amount of EjV. used was deducted from the predpitable 
protein as far as the equivalence point, beyond which E A. first began to appear 



in the supernatant. In the single determination in Table I and Fig. 1 in the 
region of the inhibition zone, the excess of EA. in the supernatant was determined 
by setting up an aliquot nith an excess of the same antibody solution and cal- 
culating the amount of E.A. from the total protein predpitated, as previously 
described in the case of a specific polysaccharide (3). From this \*alue the 
amount in the original predpitate was obtained. In the case of the E.A.-anti- 
dye sj-stem the amount of anUbody predpitated n-as calculated by deducting 
from the total protein predpitated one-twelfth of its \-alue, it hadng been found 
in this laboratory- that the equi\-alence point ratio of EA. to anti-E.A. is 1 to 
11 (cf., however, Culbertson (4)), so that 12 parts of predpitate would contain 1 
of antigen. In the E..\.-antidye system this method of calculation involves the 
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assumption that the composition of the precipitate is constant over the entire 
range. This would appear justifiable as a first appro.vimation, since the E.A.- 
antidye cross-reacting system differs from the two homologous systems in showing 
no inhibition zone witli excess antigen. There is tims at least one less compound 
possible in tlie cross-reaction, the miters having shown, in agreement ■witli 
Arrhenius’ belief, that a soluble compound is formed in the inhibition zone of 
homologous reactions (5, 1). 

The supernatant from the precipitate marked (A) in Table I was divided into 
2 aliquot portions and precipitated with a slight excess of dye. 0.60 mg. of 
antibody was recovered, calculated per cc. of tlie original serum. This, added 
to the 0.09 mg. precipitated bj’- tlie E.A., equals 0.69, in excellent agreement 
with (B), the total found with the dj'e alone. 

Similar results were obtained with other sera, although the form of the E.A.- 
antid 3 fe curve was somewhat different in each case. Serum 8.01, for example, 
contained 1.94 mg. of antidj'e per cc., but of this only 1.09 mg. was precipitable 
by E.A. With 25.6 mg. of E.A. 1 cc. of tliis serum predpitated 0.97 mg. of anti- 
body, while the supernatant, with 0.05 mg. of the dye, yielded 0.85 mg. of anti- 
bodjq calculated to the original volume, or a total of 1.82 mg. as compared witli 
1.94 mg. found directly. In this serum, tlien, even a large excess of E.A. failed 
to inhibit tlie dye-antidye reaction markedly, although greater inhibition was 
shown in other sera. In tliis serum, also, equilibrium in the E.A.-antidye sj'stem 
was established more slowly than in Serum 7.42, so that in subsequent work the 
E.A.-antidye mixtures were allowed to stand for 2 daj’-s before completing the 
analysis. The fact that the amount of antid)’'e predpitated b}’’ both antigens in 
succession corresponds so closely to the amount of antidj^e found with the dj^e 
alone indicates that appredable dissodation of the E.A.-antid 3 ’’e did not occur 
during the relatively short time consumed by the washings at 0°C. Supernatants 
from the maximum dye-antidye predpitate often yielded, when tested with E.A., 
an amount of additional predpitate equiralent to 0.05 to 0.11 mg. of anti-E-A. 
per cc. While these quantities fall within the limits of error of the method used, 
the occurrence of these predpitates is not inconsistent vuth the interpretation 
discussed below. 

In Table II are given the data resulting from the addition of E.A. in successive 
portions to tlie antid 3 'e Serum 1.14 and a mixture of Sera 1.15 and 1.46. It was 
shown (2)'* that Serum 1.14 contained 3.33 mg. of spedficall 3 ’- precipitable anti- 
body per cc. at tlie time of bleeding, and 3.06 mg. 6 months later. When used 
in the present experiment, 1* 3 'ears after the bleeding, the antidye content was 
unchanged; namel 3 ", 3.19 mg. per cc. The mixture of the other two sera, which 
originally contained 1.53 and 1.56 mg. of predpitable antibod 3 ’-, yidded 1.69 mg. 
The sera contained 0.01 per cent of mcrthiolate. To 5.0 cc. of Serum 1.14 and 
10.0 cc. of the mixture of Sera 1.15 and 1.46 were added 0.20 cc. of saline and 


•* Heidelberger, Kendall, and Soo Hoo (2), p. 150. 
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0.20 cc. of a 1:1000 solution of cp-stalline egg albumin, with thorough mhdng. 
In the first three or four runs the tubes were allowed to stand for 24 hours at 
room temperature and then 24 hours at 0°, but in the later runs a period of 48 hours 
at 0° n-as allowed in order to minimize the risk of bacterial growth in spite of the 
antiseptic present. The tubes were whirled in the refrigerating centrifuge 
and the precipitates were analj’zed as described in a previous article (2), using 
4 and 3 cc. of chilled saline for the first and second washings, since the runs were 
carried out in 15 cc. centrifuge tubes. 5.0 and 10.0 cc. of the respective super- 
natants were then treated as before, with a final increase in the amount of E.A. 


TABLE H 

Serial Additiems of Egg Albumin fo Antidye 


Total antidye N : 

2S7 mg. 


Total antidjT : 2.70 la^. 

Amount of 

EA. nitrosen 
added 

Serum 1.14 

Mired Sera. I. IS and 1.46 

TotdK 
predpitate d 

Antibody N 
precipitated 
(calculated) 

EA-N 

prca'iMtated 

(calculated) 

Total N 
predpitated 

Antibody N 
predpitated 
(calculated) 

EA.N 

predpitated 

(calculated) 

mg. 

frtg. 

mg. 

mg. 

mg. 

mg. 

mg. 

0.031 

0.314 


0.026 

0.380 


0.032* 

0.031 



0.023 

0.294 

wa^ 

0.025 

0.031 

0.210 

0.192 

0.018 

0.256 

0.235 

0.021 

0.062 

0.226 

0.207 


0.264 

0.242 

0.022 

0.155 

0.134 

0.123 


0.138 

0.126 

0.012 

0.62 

0.258 

0.236 

0.022 

0.308 

0.282 

0.026 

2.9S 

0.144 

0.132 

mSSm 

0.164 

0.150 

0.014 

2.98 

0.144 

0.132 


0.148 

0.136 

0.012 

2. 98 

0.054 

0.049 

waaM 

Km 

0.059 

0.005 

0.015 dye N 

0.076 

0.068 


0.132 

0.117 



* Actually a trace of E.A. was found in the supernatant with anti-E.A., indi- 
cating that this figure should not have been >0.030. These sera, or one of them, 
possibly contained small amounts of anti-E.A. 


added. Even the first supemaUnts reacted with anti-E.A., again showing the 
E..A.-antidye precipitate to be dissociated. The nitrogen -v-alues found by the 
miao Kjeldahl method were calculated as in Table I, assuming a constant 1:11 
antigen-antibody ratio for the predpitate. l\Tjen only traces of antibody were 
finally precipitated by the E.A. added, final runs were made with small amounts 
of dye. In both cases the total amount of antidye precipitated was within 10 
per cent of the total indicated by the original determination with the dve itself, 
which may be taken as a satisfactor}’ agreement considering the large numbers 
of dilution factors and anal\-scs involved. 

‘ Manufactured by the International Equipment Co., Boston. 
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DISCUSSION 

Although the antigen used in these experiments, R-salt-azo-ben- 
zidine-azo-crystalline egg albumin, was fractionated imtil it was prac- 
tically non-reactive with antisera to crystalline egg albumin over a 
wide range of concentration, antisera produced with the dye can be 
largely deprived of tlieir antibody content by suitable additions of 
crystalline egg albumin. There is no a priori reason why the antigen 
could not be split in the animal body so as to form the same antibody 
as does egg albumin itself, but it is believed that tlie experiments 
described show conclusively that practically all of the antibody 
which reacts with the egg albumin is the antibody formed as a result 
of the specific antigenic stimulus due to the dye protein itself. There 
is thus no necessity for assuming the presence of antibody other than 
antidye. This conclusion is based on (1) the totally different quan- 
titative aspect of the egg albumin-anti-egg albumin and egg albumin- 
antidye reactions (Fig. 1); (2) the similarity of the egg albumin- 
anti-egg albumin and dye-antidye reactions (Fig. 1); (3) the additivity 
of successive egg albumin-antidye and dye-antidye precipitations; and 
(4) the fact that at all concentrations of egg albumin in the egg al- 
bumin-antidye cross-reaction free egg albumin may be detected in 
the supernatant by addition of anti-egg albumin.® This result would 
be expected if the combination between egg albumin and antidye 
were a loose, highly dissociated one. Consistent with this interpre- 
tation are the large amounts of egg albumin required to force the 
egg albumin-antidye complex out of solution — amounts far in excess 
of those required to throw an homologous reaction completely into 
the inhibition zone, whether one is dealing with the egg albumin-anti- 
egg albumin or the dye-antidye system. Moreover, in the two 
homologous reactions antigen cannot be detected in the supernatant 
until after the equivalence point has been reached, showing that in 
these cases the antigen-antibody complex is almost un dissociated. 

The occurrence of this one-sided cross-reaction may be explained 
by the assumption that in the dye protein there still remain minor 
antigenic groupings common to egg albumin itself. These may be 
somewhat masked by the dominant azo groupings wliich determine 
the homologous specific reaction, thus preventing the in vitro union 
of dye and anti-egg albumin. However, in the animal, these minor 
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antigenic groups might become reactive and occasion, in the antidye 
molecule, the formation of correspondingly minor reactive groups, 
through which antidye could react with egg albumin as well as with 
the dye itself. 

The following diagrams may make this interpretation clearer: 
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(c) 


Fig. 2 


Grouping 1, in accordance with Landsteiner’s findings, is the domi- 
nant antigenic group in the dye protein, while 2 and 3 are other 
arbitrarily chosen groups of which the steric configuration is char- 
acteristic for egg albumin. The dominant reactive group on the 
antidye molecule would be one evoked in the animal by virtue of the 
dominant antigenic group {cf. Breinl and Haurowitz (6), Mudd (7)). 
The resulting dye-antidye combination might therefore be represented 
by Fig. 2 a, and would be expected to be relatively firm and imdis- 
sociated. Other less important groups on the antibody molecule 
might be e-xpected to result from Groupmgs 2 and 3, characteristic 
of the egg albumin portion of the d 3 ^e molecule. Thus crystalline 
egg albumin, with its dominant antigenic Group 4, arbitrarilj’ chosen 
by analog^' with Group 1, might be expected to react with antidye 
b\ xartue of Groupings 2 and 3. The union could reasonablv be 
expected to be a relatively weak, highly dissociated one, since there 
would be no anti-4 in the antidye, and the egg albumin contains no 
Grouping I to react by xirtue of the anti-1 present. This is repre- 
sented in Fig. 2 b. .Again, crj-stalline egg albumin, with its dominant 
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antigenic Group 4, would be expected to form the observed firm, 
undissociated union with anti-egg albumin, containing anti-4, as 
represented in Fig. 2 c. 

These views derive from those expressed by Landsteiner and van 
der Scheer (8) and are somewhat analogous to those of Bergmann on 
the combination of an enzyme with its substrate (9), 

In accordance with this interpretation egg albumin would react 
with the antibody to the dye protein by virtue of the minor antigenic 
groupings common to egg albumin and dye protein. The antibody 
would, however, be “antidye” as a result of the stimulus exerted on 
the animal by the dominant antigenic dye grouping, and it is shovm 
in this communication that “antidye” has totally different reac- 
tivities from those of “anti-egg albumin.” For example, egg albu- 
min and anti-egg albumin yield a firm, undissociated combination 
(Fig. 1, Curve III; Table I). Witli small additions of egg albumin 
to anti-egg albumin it is impossible to detect antigen in the pres- 
ence of excess antibody, and it is only on increasing the amount 
of egg albumin beyond that required to reach the equivalence 
point that antigen appears in the supernatant. The interaction of 
dye protein and antidye is of the same type (Fig. 1, Curve I; 
Table I). While it is possible that antisera to the dye contain minimal 
amounts of true anti-egg albumin resulting from undetected traces 
of egg albumin in the antigen, the reaction between egg albumin 
and antidye is qualitatively and quantitatively so different from the 
homologous reactions that it must be concluded that the reactive 
antibody is the antidye itself. The differences between the homol- 
ogous and cross-reactions would seem therefore be due to the firm 
union brought about by the dominant antigenic and antibody groups 
in the first instance and to the loose, highly dissociated union resulting 
in the latter case from the reaction of minor groupings alone. 

In the foregoing discussion “antidye” has been considered as a 
single entity since the experimental data can be most simply treated 
and presented on this basis. One may, at the other extreme, con- 
ceive of a series of “antidyes,” all possessing the grouping anti-1 
but differing, some by the absence of groupings anti-2 and anti-3, 
some in their relative proportion. This would perhaps account for 
the differences in the dissociation constants calculated for different 
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sera, but it might also be true for the antidye molecules in a single 
serum. However this may be, it does not affect the conclusion that 
the reacting antibody in the egg albumin-antidye system is antidye, 
and that the complex is relatively highly dissociated. It should 
not be difficult, by the quantitative method, to test the validity of 
the underlying principle in other cases of cross-predpitation. The 
partial predpitation of Pneumococcus HI antipolysaccharide by 
partial hydrolysis products of the specific carbohydrate is being 
studied, as well as an instance of cross-predpitation due to spedes 
interrelationships. 

A dose analogy suggests itself between the instance studied and 
that observed by Landsteiner and van der Scheer with azo proteins 
derived from o-aminobenzenesulfonic add and o-aminobenzoic add 
(10), and also to the relation between T>q)e 11 pneumococcus and 
Type V (Subgroup H a) (11). The egg albumin-antidye system, 
however, is evidently simpler than that studied by Avery, Goebel 
and Babers with a- and jS-glucosido-azo proteins (12), or the cross- 
reactions between the Type B Friedlander badllus and Type II 
pneumococcus (13). 

The writers believe that their data can be qualitatively explained 
most simply on the basis of the laws of dassical chemistry, asstuning 
antidye as the sole reactive antibody, with a low dissodation constant 
for the homologous reaction and a high dissodation constant for 
the egg albumin-antidye reaction. The quantitative formulation of 
the cross-reaction data in terms of these laws leads to definite values 
of the dissodation constants which vary from serum to serum, but the 
calculations involve the making of assumptions which the writers 
prefer to test more fully. 


SUiniARY 

1. Antisera to R-salt-azo-benzidine-azo-crj'stalline egg albumin 
give predpitates with crj’stalline egg albumin by \drtue of their anti- 
dye content. 

2. The quantitative course of the reactions with increasing amounts 
of antigen is veiy similar for the dye-antidye and egg albumin-anti-egg 
albumin systems, but differs markedly for the cross reaction between 
egg albumin and antid\'e. 
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3. A possible explanation for the occurrence of this one-sided cross- 
reaction is given in terms of reactive groupings on the antigen and 
antibody. 

4. A qualitative expression of the course of the cross-reaction is 
given in terms of the laws of classical chemistry. 
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The severe epidemic of equine encephalomyelitis raging along the 
Atlantic seaboard in August and September, 1933, afforded an oppor- 
tunity of studying the histology of the naturally occurring malady, 
the causative virus of which appeared to be serologically distinct 
from that responsible for the rather similar disease in California 
(TenBroeck and Merrill, 1933). At that time an experimental study of 
the western type of encephalomyelitis was under way, the histological 
features having been only cursorily dealt with by Meyer and his 
colleagues (1932). The opportunity is now taken of comparing the 
lesions of the two infections. 

Histological Findings in Horses 

(a) Equine Encephalomyelitis in Nerj) Jersey and Virginia 

The organs of eight field cases were examined histologically; all the 
animals were killed by bleeding or anesthesia, and the tissues deposited 
in fixatives within half an hour or so of death. The duration of 
nervous symptoms varied from a few hours to several days. Macro- 
scopically the ner\'ous system was congested and often somewhat 
edematous. The microscopical lesions, of identical nature in all 
eight cases, were of the same general t 3 ’pe as those in monkey polio- 
myelitis, though their distribution was vastly different. In view of 
their character it is perhaps necessary to emphasize the statement 
Uiat on culture the majority of the brains were sterile. 

Most prominent in the nerr-ous sj-stem with the low power of the microscope 
was the cellular infiltration (Fig. 1). In many regions jxilv’morphonuclear leuco- 
cytes, distributed diffusely and in small or large fod, swarmed in the tissues (Fig. 

S29 
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2); with these was associated ver}'^ early microglial proliferation giving rise to 
many rod cells. In rare foci composed almost wholly of polymorphonuclear leuco- 
C3des the tissues appeared on the verge of actual softening. In other areas miao- 
glial elements predominated, though nearly' always leucocj'tes were present and 
were often numerous. In either case perivascular infiltration might be incon- 
spicuous; commonl}^, however, cuffs one to many cells deep surrounded the local 
vessels (Fig. 1). They consisted almost wholh’^ of neutrophil leucocytes, many 
karyorrhectic, or of small and large Ijraphocytes associated with a variable number 
of neutrophils and rare eosinophils. Polymorphonuclear leucocytes often over- 
flowed into the adjacent nervous tissues, while among the lymphocjles mitoses 
were numerous. The meninges overlying areas of intense change were often 
infiltrated to a marked degree with similar cells; on the other hand, over many 
areas similarly affected, and over those showing slighter changes, meningeal 
infiltration was wholly wanting. Onlj' occasionally was infiltration noted in the 
choroid plexuses. 

When resort was not had to bleeding, vascular congestion was pronounced 
and small perivascular hemorrhages not infrequent. In the congested state of 
the vessels the latter observation probably has little significance, as hemorrhage 
might well be produced b,v trauma during removal of the brain. Signs of reaction 
indicating extravasations of some standing were never seen. 

The essential lesion, and one occurring in a few places in the absence (as yet) 
of any marked cellular reaction, was acute necrosis of nerve cells, which appeared 
as shrunken eosinophilic structures devoid of nucleus or shomng pyknotic nuclear 
remains (Fig. 2). In severelj' affected cortical areas cellular architecture was 
partly disorganized. Often the necrotic cells were in process of lysis by neutro- 
phils plastered on their surfaces (Figs. 3 and 4). In other instances, more fre- 
quently perhaps in brain stem and cord, neuronophagia bj'^ microglial cells was 
observed. Less severe degenerative changes in the neurons included vacuolation 
of the cj’’toplasm and invasion of the vacuoles by neutrophils, occasional!}’’ in the 
presence of almost normal Nissl substance. Simple chromatolysis and nuclear 
eccentricity commonly affected cells of tlie cranial nerve nuclei and anterior horns 
of the spinal cord. In most of the affected areas, ■whatever their site, many of the 
neurons appeared normal. Nuclear inclusions (Fig. 9), much less numerous than 
in the guinea pig but of the same type and distribution, will be described in con- 
nection with tlie changes in that animal, in which fuller study was made; they bore 
considerable resemblance to those associated -with Boma disease. 

Neuroglial nuclei were often greatly swollen and very pale; no inclusions were 
detected therein or in mesodermal elements. 

The foregoing alterations were most pronounced in the cerebral cortex. Al- 
though many unaffected areas existed side by side with zones of severe destruction, 
and in indi\adual cases the anterior frontal or occipital regions or the cornu 
Ammonis might be relatively lightly involved, no major subdivision was immune 
from attack or was consistently more affected than another. The lesions mani- 
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fested no predilection for a particular cortical layer. The cornu Ammonis and 
rhinencephalic cortex never showed the massive necrosis to be described in the 
guinea pig, etc. The olfactorj' bulb was not affected with exceptional severity. 
In the subcortical white matter fod of neutrophil infiltration or microglial increase 
occurred much more rarelj' than in the grey matter, though more frequentlj' than 
in most virus diseases. Here, sometimes, massed pohmorphonudear leucocytes 
collected in the nervous tissues around part of the circumference of an artery not 
itself infiltrated; occasionally the impression of indpient softening was given. 
The caudate and lenticular nudei usually showed less severe changes than did the 
cortex; the optic thalamus and hj-pothalamic regions were fully as badly damaged. 
In two instances the fiber bundles entering the putamen were packed with leuco- 
cytes, while the gre 3 - matter of the nudeus had largdy escaped involvement (Fig. 
6). In five cases the brain stem and cervical cord were definitely less affected 
than the higher centers; the intensit}- of the changes often varied greatl}- at differ- 
ent levels and attained a maximum in the grey matter around the ventricular 
system, in the pontile nudei, and in the olives. At some levels the lesions ap- 
peared to be verj’ early and consisted mainlj- in nerve cell degeneration and stuffing 
of the capillaries nith polj-morphonudears, which could be seen passing through 
their walls into surrounding structures. In the cord both anterior and posterior 
horns were involved, but nerv'e ceU destruction took place chieflj- in the former. 
Only mild changes were present in the cerebellar cortex, and in two animals no 
lesions were detected here; the cerebellar nudei usually suffered more severelj*. 
In all the horses the Gasserian gangha were normal. 

No significant abnormality was detected in the lungs, liver, spleen, kidneys, 
adrenals, salivary glands or h-mph nodes. In one ad\'anced case the centers 
of the liver lobules appeared to be in the preliminaiy stages of acute necrosis; 
the liver cells were shrunken and eosinophilic with pj-knotic nudei, the Kupffer 
cells greatly enlarged and increased in number, and numerous neutrophils occupied 
the sinuses and central veins. At the margins of these areas some fatty infiltration 
was apparent and the liver cell nudei were often greatly enlarged. No virus was 
present in the organ, nor were bacteria demonstrable in sections. It does not 
appear probable that the changes were the direct result of virus activity. In 
several instances the cervical lymph nodes were greatly congested but showed no 
other abnormality. 

To summarize, the eastern tj^pe of equine encephalomyelitis is 
cliaracterized histologically by an unusuall}' diffuse and intense acute 
inflammation affecting most territories of the central nervous system 
but more particularly the grey masses. Nerve and neuroglial cell 
degeneration is undoubtedly primaiy, though accompanied or speedily 
followed by hea\y tissue infiltration with pol^unorphonuclear leuco- 
cytes and reactive changes in the microglia. In the nerve cells 
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nuclear inclusions occur rather similar to those in Borna disease. 
Perivascular infiltration may be predominantly polymorphonuclear 
or wholly mononuclear. Meningeal infiltration is clearly secondary 
to changes in the underlying nervous substance. No significant 
changes are consistently present in organs other than the nervous 
system. 

The foregoing picture was accurately reproduced in a horse inocu- 
lated intracutaneously (in the dorsal region) with the brain of a field 
case. 


(6) Lesions in a Horse Injected with the Western Virus 

This horse, inoculated intranasally and intracutaneously (in the 
area of supply of the fifth cranial nerve) by Dr. Erich Traub, was killed 
on the 12th day, after having exhibited nervous symptoms for 3 days. 
It presented lesions which individually could not be distinguished from 
tliose described above. They were, however, far less numerous and 
intense. But few areas of the cerebral cortex were involved; the chief 
sites of injury were the olfactory bulbs, the optic thalamus and hypo- 
thalamic region, and the brain stem. Only a few nerve cells were 
acutely necrotic and undergoing neuronophagia; in the areas named, 
polymorphonuclear tissue infiltration, microglial proliferation and 
mononuclear infiltration were less intense than in the eastern cases. 
In this horse the Gasserian ganglion showed mononuclear interstitial 
infiltration. 

Histological Findings in the Calf, Sheep and Dog 

These animals were inoculated intracerebrally with the eastern virus 
by Dr. C. TenBroeck. The calf developed pronounced symptoms and 
was killed 72 hours after inoculation. The sheep died 117, and the 
dog 84 hours after injection. In all, the microscopical picture was 
essentially that depicted above; the minor differences observed 
necessitate only brief mention. 

In the- calf, changes in the cerebral cortex were in places even more intense 
than in horses, with acute necrosis of a larger proportion of neurons. In parts 
of the cortex, basal ganglia, brain stem and anterior horns of the spinal cord small 
foci of softening crammed wdth polymorphonuclear leucocytes might be discerned. 
In most regions, however, lesions W'ere less severe. Perivascular cuffing was 
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everjTvhere mainly or exclusively mononuclear. The cerebellum vras unaffected. 
Meningeal infiltration, though marked over some regions of the cerebral henu- 
spheres, may have been due in part to the introduction of foreign nervous tissue, 
since over severely affected parts of the brain stem and cord it vras often wholly 
wanting. 

Lesions in the sheep were rather less severe than in the calf and, probably as a 
result of greater duration of the inflammatorj' process, the infiltrating polj-mor- 
phonudear leucocytes were highly kar>-orrhectic. Necrotic nerve cells were 
frequent in parts of the cortex and in the anterior horns of the cord. Perivascular 
cuffs were solely mononudear. Mild lesions obtained in the cerebellar cortex 
and more marked lesions in the dentate nudeus, eta Meningeal infiltration was 
in most areas inconspicuous. 

Changes in the dog resembled those in the sheep except that at only a few 
levels of the brain stem and cord did marked lesions prevail. The cerebellum 
was unaffected. 


Eislological Findings in ihe Guinea Pig 

The guinea pig is the laboratory animal of choice for the study of 
equine encephalomyelitis. Lesions were substantially the same 
whether the virus was introduced intracerebraUy, intramuscularly, 
subcutaneously or intradermally, and whether the eastern or the 
western \drus was employed. Any differences apparent in infections 
with the two viruses could well be ascribed to greater virulence of the 
one and the lesser virulence of the other. It happened that more 
intense lesions were present in guinea pigs inoculated peripheral!}’- 
than in those inoculated intracerebrally; probably the longer incuba- 
tion in the former allowed wider dissemination and greater multipli- 
cation of the -virus. On the whole the lesions produced by intra- 
cerebral inoculation of the western strain were comparable -with those 
following peripheral inoculation of the eastern organism. The more 
or less uniform sjmptomatolog}’ was little indication of the degree of 
microscopic abnormality, which increased -with longer duration of the 
developed disease. At the time when nervous sjmptoms were first 
manifest only early degeneration of those nerve cells later most 
severely affected was present: vascular and interstitial inflammation 
were absent or at a minimum. It -n-as at this stage that many of the 
animals inoculated intracerebrally with the eastern virus died. 

In the fully developed difcasc, lesions in the ccrcbnim were of fairly uniform 
distribution, with a decided tendenc>- to greater intensity in the comu’.\mmonis 
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and rhinencephalic cortex. In less severe and acute cases (histological!}'), peri- 
vascular infiltration with small and large lymphocytes affected a variable number 
of vessels; in their vicinity and elsewhere in the nervous substance microglial 
proliferation obtained (Fig. 7). In more acute cases polymorphonuclear leuco- 
cytes, many karyorrhectic, appeared in the perivascular infiltrate and constituted 
an overwhelming majority of the tissue infiltrate Some proliferation of vascular 
adventitial cells occurred. In several cases massive acute necrosis involved large 
parts of the cornu Ammonis or rhinencephalic cortex, or both regions, and vast 
numbers of polymorphonuclear leucocytes congregated around the destroyed 
neurons (Fig. 8). Meningeal infiltration rarely amounted to more than the pres- 
ence of a few mononuclear cells, with some polymorphonuclears, in the depths of 
the fissures; occasionally it was marked over an area of corte.x shovdng very 
intense changes. 

Lesions in the brain stem and spinal cord were variable in degree and were not 
necessarily most evident in animals inoculated peripherally. Acute necrosis 
often struck cells of the cranial nerve nuclei, olivary bodies and anterior horns; 
in the cerebellum Purkinje cells suffered with mucli less frequency. Cellular 
infiltration as in the cerebrum, and sometimes neuronophagia followed; in the 
cord the former was limited usually to the grey matter, but occasionally a focus 
of proliferated microglial cells lay in the white matter. Less severe nerve cell 
degeneration taking the form of tigrol 3 'sis and nuclear eccentricit}' vras common. 
The Gasserian and spinal ganglia were normal in all cases inoculated intracere- 
brally; after intramuscular inoculation only some mononuclear infiltration with 
a few polymorphonuclears was noted in the nerve roots. 

Careful search invariably demonstrated nuclear inclusions in nerve cells, 
neuroglial cells, mesothelial cells of the pia-arachnoid and adventitial cells of the 
vessel walls, in this order of frequency. In the nerve cells of the brain stem, 
single or multiple bodies were relatively frequent at an early stage preceding 
marked tissue and perivascular infiltration (Figs. 10-12); sLx or seven cells con- 
taining inclusions might be seen in a single section. In other neurons they were 
more seldom found either then or later; in the cornu Ammonis they were not 
more numerous than in the general cortex, and in both situations definitely less 
common than in the brain stem. Affected nerve cells usually showed other signs 
of degeneration, if onl}' incipient, but inclusions were not detectable in dead or 
moribund elements. The round or slightly oval, strongly oxyphilic bodies of 
sharp contour bore considerable resemblance to those in Boma disease; they were, 
however, often rather larger, less often showed a center paler than the peripher}' 
or a central vacuole-like structure, and possessed perhaps slightly less sharp 
contours. Normal weakly o^Q^philic nuclear material was often diminished in 
amount or absent, and the inclusions were differentiated from the feebly oxyphilic 
masses normally present (nudeonephelium of Saguchi, 1930) by greater regularity 
and definition of outline and deeper coloration with the acid dye. The sharpness 
of definition of the bodies was greater in cases with a longer incubation period, and 
was less with virus strains producing symptoms within a short time of inoculation. 
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Nuclear inclusions in the other elements mentioned took the form of ver>' tiny, 
less strongly oxj-philic spherules. In glial cells swelling and pallor of the nucleus 
and margination of basophilic chromatin often coexisted, especially in areas where 
marked changes were present. The tiny bodies were difficult to demonstrate, 
and but for the presence of definite bodies in the nerve cells would have been dis- 
regarded. Similar granules did not occur in normal animals and it seemed legiti- 
mate to accept them as analogous to the abnormal nuclear products met with in 
the neurons; they bore roughly the same dimensional relation to the enclosing 
nuclei as did the larger boffies to the nerve cell nuclei. 

The lungs frequently showed pathological changes. Macroscopically one or 
more lobes appeared solid and plum-colored; or the organs were deeply congested 
■nith darker plum-colored areas of serpiginous outline indicated on the pleural 
surface. Edema and petechial hemorrhages might be present. Histologically, 
large areas of collapse existed and enclosed bronchopneumonic areas; the latter 
abo occurred independently of atelectasb. In the bronchial exudate of such 
cases a great variet)' of bacteria might commonly be demonstrated. A second 
type of p ulm onary change took the form of partial atelectasb with pronounced 
interstitial change and no exudate in the bronchi or alveoli. The alveolar waUs 
were thickened by a mononuclear infiltrate containing scanty neutrophfls, and 
intense perivascular and peribronchial infiltration with similar ceUs was evident. 
Small foci of proliferation and desquamation of the alveolar epithelium occurred. 
In some cases both types of pulmonary change coexbted. 

In two animab necrosb of bolated liver celb with some polymorphonuclear 
infiltration existed in the apparent absence of any excitant other than the infecting 
agent employed. In one case moderate interstitial mononuclear infiltration was 
present in the salivary glands. The sinuses of the spleen usually contained an 
excessive number of neutrophil leucocytes. In two guinea pigs bolated celb of 
the adrenal cortex were necrotic. 

In the guinea pig, then, the virus of equine encephalomyelitis 
(eastern or western strains) produces a histological picture fairly 
comparable with that in horses, except that the maximum injury in 
the cerebrum is inflicted upon the cornu Ammonis and rhinencephalic 
cortex. Nuclear inclusions of the t}q)e encountered in Boma disease 
occur chiefly in the brain stem, and, as is not the case in the horse, 
tiny oxyphilic bodies of apparently similar nature are less frequently 
observed in glial and mesodermal elements. Unlike the horse, this 
animal commonly' presents pneumonic lesions in the lungs, sometimes 
those of a secondary bronchopneumonia, sometimes of the type which 
is now recognized as tyiiical of virus infections. Minor changes less 
certainly due to virus action are sometimes found in other organs. 
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Histological Findings in Rabbits and Mice 

The virus of equine encephalomyelitis is less pathogenic for the 
rabbit than for the guinea pig; this is more especially true of the west- 
ern strains which even on intracerebral inoculation rarely produce 
more than a temporary illness. The histological picture, though 
essentially the same as in guinea pigs, is correspondingly less acute. 
Polymorphonuclear leucocytes are but rarely present in the tissues, 
where more advanced metamorphosis in the direction of granular 
corpuscles is permitted in the microglia. Meningeal infiltration is 
more marked than in the guinea pig and almost wholly mononuclear, 
as are the perivascular cuffs. Massive acute necrosis is rarely seen 
in the cornu Ammonis, where, however, long stretches of nerve cells 
of the pyramidal layer often undergo severe degeneration and exhibit 
swollen cell bodies completely devoid of Nissl substance; nuclear 
inclusions here may be particularly large and numerous. Inclusions 
are seen only in nerve cells. 

On intracerebral inoculation the eastern virus produces in mice a 
very rapidly fatal disease, often killing the animal in 50-60 hours. 
The scanty lesions are similar in nature and distribution to those of the 
more rapidly fatal disease in guinea pigs. Massive necrosis may be 
seen in the cornu Ammonis and rhinencephalic cortex. Inclusions 
are present only in nerve cells. 

Histological Findings in Rabbits Infected with the Vines of Borna Disease 

In the brains of three rabbits, lesions similar to those described by 
Zwick, Seifried and Witte (1927) were much less acute than in infec- 
tions due to the virus of equine encephalomyelitis. 

No polymorphonuclear leucocytes were present in the tissues, though occasion- 
ally lymphocytes overflowed from the perivascular cuffs. The latter were com- 
posed wholly of mononuclear elements and included a number of plasma cells; 
the cells of the adventitia sometimes showed active proliferation. Mononuclear 
meningitis was marked in places, and often accompanied in the subjacent zone 
by infiltration vith round cells and microglial cells and definite enlargement of tlie 
subpial glial cells. Active diffuse and focal microglial proliferation in the cortex 
was associated with marked satellitosis of neurons and sometimes neuronophagia. 
The rhinencephalic cortex, cornu Ammonis, lateral cortex and region of the third 
ventricle were particularly affected; in the first, acute necrosis of nerve cells was 
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noted. In the brain stem small microglial fod and marked perivascular infiltra- 
tion obtained, together with degenerative changes of moderate severity in some 
of the nerve cells. Nudear indusions were rather smaller than in equine encephal- 
omyelitis, but had a more “solid” appearance and rather sharper contours; they 
more frequently showed paler central “vacuoles” and indications of a not abso- 
lutely homogeneous structure. Only sparse leaons were evident in the cerebellum. 
The Gasserian ganglia were the seat of marked infiltration, nerve cell degeneration 
nith the formation of nudear indusions, and around some neurons multipUcation 
of capsule cells. Tj-pical changes as described by Nicolau, Nicolau and Galloway 
(1929), and by Zwick, Seifried and Witte (1929) were present in the peripheral 
nervous system. 

COMMENT 

The lesions in naturally occurring cases of equine encephalomyelitis 
are thus tjrpical of acute neurotropic virus diseases, and in nature, 
though not in distribution, are comparable with those of poliomyelitis 
in the monkey. Their greater acuity provides a criterion of value in 
differentiating them from the changes in Boma disease; on the other 
hand, they are not of the hyperacute type seen in pseudorabies of the 
rabbit (Hurst, 1933), where death occurs too soon to permit appre- 
ciable cellular reaction. 

The present study throws little light on possible routes of entrj^ of 
the virus imder natural conditions. Although one horse was killed 
in the first few hours of nervous manifestations, alterations were 
already widespread, though at some levels of the brain stem they 
were at a very early stage. Of the whole series of field cases, not one 
showed lesions in the olfactory bulbs as marked as did the experi- 
mental animal inoculated intranasally and intradermally (in the area 
of supply of the fifth cranial nerve) with western virus; yet lesions 
elsewhere in this brain were much less severe than in the eastern cases. 
It has also been remarked that the distribution of changes seen in 
field cases in the eastern outbreak was accurately reproduced in a 
horse inoculated intracutaneously in the dorsal region with eastern 
rirus. These obser\mtions, if repeated, might possibly suggest search 
in the natural disease for a portal of entry other than the nose. 

Experimentally, with the eastern strains of virus, the essential 
histological features of the naturally occurring disease can be repro- 
duced in a number of domestic and laboratory' animals. With both 
eastern and western riruses in the guinea pig and rabbit, and with 
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the former in the mouse, the cliief difference apparent from the histo- 
logical picture in the higher mammals is tire tendency to massive acute 
necrosis in certain olfactory centers; viz., in the rhinencephalic cortex 
ventral to the fissura rhinica and in the cornu Ammonis, where, irre- 
spective of whether the virus be introduced intracerebrally or periph- 
erally, whole stretches of pyramidal cells may be destroyed en viasse. 
It does not appear to be generally recognized that, wherever else 
necrosis of neurons may occur, massive necrosis in these situations 
is of extremely frequent occurrence in the brains of these lower mam- 
mals infected with any one of a whole range of neurotropic viruses. 
In the corresponding diseases of higher animals, although foci of nem 
cell destruction may be observed here, massive necrosis is not present. 
In the case of rabies in the rabbit, Lentz (1909) described the resulting 
eosinophilic structures containing pyknotic nuclear remains as “pas- 
sagewutkorperchen,” though they are also found in rabbits infected 
with street virus (Hurst, 1932) ; I have not seen them in rabies in the 
cow, dog or monkey. Similar appearances obtain in mice with louping 
ill (Hurst, 1931 a), but not nearly to the same extent in the monkey. 
I have since seen massive necrosis in the cornu Ammonis of the rabbit 
with herpetic encephalitis, and in the mouse with yellow fever, while 
at a recent meeting of the Society of American Bacteriologists (Phila- 
delphia, December, 1933) Dr. L. T. Webster exhibited a lantern slide 
showing this lesion in a mouse infected with the virus of the St. Louis 
outbreak of encephalitis. Rivers and Stewart (1928) described 
similar appearances in Virus HI infection in the rabbit. Evidently 
the lesion is one characteristic of a certain type of animal host, ratlier 
than of the action of a particular virus. Now in all these small 
mammals the olfactory brain is relatively better developed than in 
higher forms, and is presumably relatively more abundantly supplied 
with fiber connections. If, therefore, the neurotropic viruses spread 
by the axis cylinders, for which there is evidence in poliomyelitis, 
rabies and herpes, we might proffer an explanation of these observa- 
tions in terms of the probable amount of virus reaching a given 
locality. 

The inclusion bodies present in the nerve cells in equine encephalo- 
myelitis bear considerable resemblance to those described in Boma 
disease (Joest and Degen, 1909, and others) and in poliomyelitis 
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(Covell, 1929 ; Hurst, 1931 b). In view of the recent criticisms of Wolf 
and Orton (1932) regarding this type of inclusion, particular attention 
was devoted to the nuclear structure of normal nerve cells. As 
various observers, including myself, have pointed out, bodies some- 
what resembling these inclusions are often present in the normal nerve 
cell nucleus. (Incidentally fixatives containing osmic acid render 
closer the resemblance; in the present investigation, however, Zenker 
fixation was employed.) Wolf and Orton reproduce a number of 
photographs of these normally occurring bodies as proof that structures 
indistinguishable from the inclusions of poliomyelitis occur in other 
pathological conditions in man; since the appearances depicted by them 
can be seen equally well in normal nerve cells, it is not necessary to re- 
sort to patholo^cal human material, necessarily inferior to fresh tissue, 
to determine the point at issue, whether these normal structures can or 
cannot be differentiated from the alleged inclusions. 

Four photographs showing the inclusions of equine encephalo- 
myelitis (Figs. 9-12) are offered for comparison with those of four 
normal nerve cells (Figs. 13-16). In all e.xcept Fig. 16 the mag- 
nification is the same. The photographer was instructed to obtain 
the sharpest picture possible of the intranuclear masses, but was 
uninformed of the question in dispute. The pictures in monochrome 
do not, unfortimately, adequately suggest the deeper and brighter 
color, in preparations fixed and stained strictly comparably, of the 
bodies in the cases of encephalomyelitis, but there is obviously a 
difference between the two groups. Comparison with Wolf and 
Orton’s photographs shows that the structures in Figs. 13-16 possibly 
more nearly resemble the inclusions in Figs. 9-12 than do those chosen 
by the authors named to illustrate their inability to draw a distinction. 

The bodies present in normal cells are usually smaller and less 
acidophilic. They have less sharp and distinct contours, often appear- 
ing rather fluffy in outline, and ha%nng a less solid appearance. They 
frequently show little projections uniting them to the general, weakly 
acidophilic, nuclear reticulum. They never show e\ndencc of internal 
heterogeneity, as do frequently the bodies described as nuclear in- 
clusions. Moreover in addition to the greater indi\dduality of the 
bodies in poliomyelitis, equine encephalomyelitis, etc., the nuclei 
containing them exhibit a definite tendenc}' to disappearance of 
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acidophilic material other than that in the inclusions, and a margin- 
ation of the scanty basichromatin on the nuclear membrane; it is 
difficult to show all this in a photograph focussing only one plane, yet 
the general nuclear reticulum in Figs. 9-12 is obviously less in amount 
than that in Figs. 13-16. This clearing of the nucleus is well shown 
in the plate previously published to illustrate the similar bodies in 
poliomyelitis. The appearance of these inclusion bodies represents, 
therefore, a departure from the normal nuclear structure and is 
characteristic of certain virus diseases. It is not suggested that the 
inclusions are necessarily wholly new-formed structures; indeed, in 
the more acute cases of equine encephalomyelitis in the guinea pig, 
the appearances suggest that they may be derived from the normal 
nodal masses which become enlarged, more acidophilic, and freed from 
the disappearing oxyphilic reticulum. Nor are the bodies considered 
of greater significance than as indicating in these virus diseases ab- 
normal physicochemical conditions in the nucleus, analogous in a way 
to those evidenced by solution under various circumstances of the 
tigroid substance. But it is maintained that these bodies can be 
distinguished from those occurring in the normal condition and in 
pathological conditions not due to virus action, when as far as the 
oxyphilic nuclear components are concerned the normal state is 
maintained. 


SUMMARY 

The virus of equine encephalomyelitis (eastern strain) evokes in 
the horse, calf, sheep and dog an unusually intense encephalomyelitis 
characterized by acute primary degeneration of nerve cells, the 
appearance in neurons of the brain stem and elsewhere of nuclear 
inclusions resembling those in Boma disease and poliomyelitis, 
pol 3 Tnorphonuclear infiltration in the nervous tissues with early 
microglial proliferation, and perivascular cuflSng with mononuclears 
and pol 3 morphonuclears in varying proportions. The grey matter 
is affected more than the white. Lesions may be less marked in the 
striatum, brain stem and cord than in the cerebral cortex, thalamus 
and hypothalamic region, and are always of low grade in the cere- 
bellum. Meningeal infiltration is secondary. 

Similar changes produced in the horse by the western strain of virus 
are less intense and extensive. 
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In the guinea pig, rabbit and mouse, the eastern virus causes an 
acute encephalomyelitis which, as is usual in neurotropic virus diseases 
of these lowly species, has a special tendency to affect the higher 
olfactory centers. In addition to inclusions in the nerve cells, tiny 
oxyphilic bodies occur with less frequency in the glial and mesodermal 
nuclei of the guinea pig. In this animal, too, interstitial or broncho- 
pneumonia may complicate the picture. 

In the guinea pig the disease resulting from infection with the 
western virus may be indistinguishable from that due to the eastern. 
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EXPLANATION OF PLATES 
Plate 36 

Fig. 1. Eastern t>-pe of encephalomyelitis in the horse. Enormously increased 
ccUularity of the tissues due largely to focal and diffuse poh-morphonuclear infil- 
tration. An artery shows pronounced perivascular cufiing. Iron alum hema- 
toxylin and Van Gieson. X 71. 

Fig. 2. Eastern n-pe of encephalomyelitis in the horse. Comparatively mild 
pol\-morphonuclear tissue infiltration in the cerebral cortex. Necrosis of a nerve 
cell indicated by the arrow. Iron alum hematox>-lin and eoM. x 337. 

Fig. 3. Eastern tj-pc of encephalomyelitis in the horse. Acute necrosis of a 
nen-e cell of the pons. The cj-toplasm is markedly eosinophilic, the nucleus absent 
(in serial section). A polj-morphonudear leucoryte occupies a \-acuole in the cell 
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body, and a second is applied to the surface of the cell. Microglial satellites are 
also in evidence. Iron alum hematoxylin and eosin. X 1259. 

Fig. 4. Eastern type of encephalomj'elitis in the horse. Approaching neaosis 
of a nerve cell of the brain stem. Pol 5 '’morphonuclear leucocytes have invaded 
a large vacuole in tlie cytoplasm; the cell is surrounded by polymorphonuclear 
and microglial elements. Iron alum hematoxylin and eosin. X-718. 

Plate 37 

Fig. 5. Eastern type of encephalomyelitis in the horse. This artery in the 
lenticular nucleus shows little infiltration in the perivascular space but many 
polymorphonuclear leucoc 3 'tes are collected in the nervous tissues immediately 
adjacent. Iron alum hematoxylin and eosin. X 385. 

Fig. 6. Eastern type of encephalomj'clitis in the horse. Polymorphonuclear 
infiltration of a fiber bundle entering the putamen; the surrounding grey matter 
is almost free from infiltration. Iron alum hemato.x 5 din and eosin. X 310. 

Fig. 7. Equine encephalomj^elitis (western strain) in the guinea pig. Mono- 
nuclear perivascular sheathing and microglial proliferation in the cerebral cortex. 
Intracerebral inoculation. Iron alum hematox 3 din and eosin. X 292. 

Fig. 8. Equine encephalomyelitis (western strain) in the guinea pig. Massive 
necrosis in the cornu Ammonis with intense ppl 3 'morphonuclear infiltration in a 
bacteriologically sterile brain following intramuscular inoculation. Iron alum 
hematox 3 din and eosin. X 244. 


Plate 38 

Fig. 9. Eastern type of encephalom 3 'eUtis in the horse. Intranuclear inclusion 
in a nerve cell of the brain stem. Near the cell is an infiltrating pol 3 'morphonuclear 
leucocyte. Phloxin-meth 3 dene blue. X 1888. 

Figs. 10-12. Equine encephalom 3 ’^elitis in the guinea pig. Nuclear inclusions 
in neurons of the brain stem. Fig. 10, infection with eastern virus; Figs. 11 and 
12, with western virus. Phloxin-metltylene blue. X 1888. 

Plate 39 

Figs. 13-15. Nerve cells in brain stem of healthy guinea pigs to show acido- 
philic nuclear bodies normally present. Phloxin-methylene blue. X 1888. 

Fig. 16. Normal nerve cell from spinal ganglion of pig. Phloxin-methylene 
blue. X 851. 
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The usual conception of the epidemiology of poliomyelitis is that 
man is relatively resistant to the disease, that the virus is commonly 
transmitted from and to the nasophaiymx and is more widely distrib- 
uted than is evidenced by clinical records, and that the general 
population is largely immuniaed by these factors of host resistance 
and parasite distribution. Difficulty of direct experimental proof 
of these principles lies in the fact that the virus is not cffitivable by 
bacteriological methods and hence is dependent upon animal inocula- 
tion for its demonstration. By the use of this method, however, the 
virus has been recovered in non-clinical cases in a few instances (1). 
Several more indirect types of evidence are available to support the 
classic conception, but the one we are here concerned with is the power 
of the serum of certain adults without historj" of poliomyelitis to 
neutralize the \'irus, a property which has been assumed to be due, 
by analogy with other diseases, to subclinical infections with the 
causative agent. 

The view that such an assumption is not entirely tenable has been 
expressed by Jungeblut and Engle, who suggest that “resistance to 
poliomyelitis .... is predominantly a fimction of normal physio- 
logical maturation and to a large e.xtent seems to develop independ- 
ently of previous contact with the specific antigen” (2a). This 

* This work was supported in large part by a grant from the International 
Committee for the Study of Infantile Paral\-sis (the Jeremiah Milbank Fund) 
and by the John D. Hertz Fund. ' 
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TABLE I 



Tests of Serum of Adult Male Monkeys for Properly of Neutralizing Poliomyelitis 

Virus 


Description Serum 

neutraliia- 

^ Ditesbied Remails tionof 

„ . . _ „ . . Sei^I poliomyelitis 

Height* Dentition develop- virus 

ment 


cm. 

1 67 


B 4.9 71 


C 5.0 73 




Testes June 9, 
fuUy 1932 
de- 
scended 


“ “ Mar. 22, 

1933 


Complete “ “ Mar. 22, 

' 1933 


“ “ June 9, 

1932 

Mar. 30, 

1933 


June 9, 

1932 

Mar. 30, 

1933 


“ “ June 9, 

1932 

Mar. 30, 

1933 


“ “ June 9, 

1932 


Negative 

These animals had 

received human 

nervous tissue 6 Negative 
mos. before test 

Negative 


Negative 

These animals had 
received an intra- “ 

cerebral injec- 
tion of a serum- — ;; ; — 

virus mixture Negative 
nearly 2 yrs. be- 
' fore first bleeding; c< 

have been used in 

studies on intes- 

tinal flora for the Negative 
last 3 jTs. 


Had been kept vrith Negative 
fatally injected 
poliomyelitis 
monlteys for 15 
mos. 
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prepared from whole sheep pituitary, powder by a method which will 
be reported from that laboratory. Anterior pituitary extract was 
administered to ten monkeys intramuscularly in equal daily amoimts 
(except in two instances) over periods varying from 5 to 13 days. 
As treatment progressed the area in the region of the buttocks, called 
the sex skin, became hyperemic and edematous. By means of rectal 

TABLE nr 


Tests of Serum of Young Female Monkeys Treated with Anterior Pituitary Extracts 
for Properly Neutralizing Poliomyelitis Virus 



Description* 

Anterior 
pituitery extract 
injected 

Number 

of 

injections 

intramus- 

cularly 

Dates of 

Tnenstniationt during 
period ^ 
of observation 

Scrum 

specimen 

taken 

Serum 
neutraliza- 
tion of ^ 
poliomyelitis 
virus 

Monkey 

Weight 

Heightt 

after 
onset of 
menstrua- 
tion 


hg. 

cm. 

1933 

■1 

1933 



1 

2.0 

55 

Feb. 14-26 


Mar. 3-12 


Negative 




Apr. 19-28 

■9 

Apr. 30-May 4 


« 

2 

2.1 

58 

Feb. 14-26 

13 

Mar. 1-20 


l( 




Apr. 19-28 

10 

Apr. 30-May 5 

9 

it 

3 

2.4 

60 

Feb. 14-26 

13 

Mar. 2-11 

9 

U 




— 

— 

Apr. 24-May 4 


tt 




— 

— 

May 21-25 


it 

4 

2.2 

57 

Feb. 14-26 

13 

Feb. 26-Mar. 9 

9 

it 

S 

1.9 

57 

“ 14-26 

13 

“ 26- “ 9 

9 

it 

6 

2.0 

56 

May 16-19 

4 

May 29-June 1 

7 

it 

7 


53 

“ 16-20 

5 

“ 27-31 

9 

it 

8 


56 

« 22-28 

7 

June 3-6 

9 

it 

9 


55 

« 22-28 

mm 

“ 3-6 

9 

it 

10 

2.0 

56 

“ 22-31 


“ 13-16 

8 

it 


* Completely deciduous dentition in all monkej's of this group, 
t Measured from crown to heel. 

t As determined by microscopic examination of vaginal washings. 


examination, an increase in the size of the ovaries and the uterus was 
noted, while vaginal lavages, which during a control period prior to 
treatment were negative, revealed mucus and a rapidly increasing 
number of leucocytes and epithelial cells. Upon cessation of treat- 
ment the intensity of the hj-peremia and edema in the sex skin dimin- 
ished and gross uterine bleeding occurred. The ovaries and uterus 
also decreased in size at this time. 
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the results of our testing Chinese sera (6) were the same as those 
obtained by Jimgeblut (7) in examining specimens of identical origin 
and lot. Oiu: dose of virus, on the other hand, is well above the 
TniniTnal infective dose, so that no false positive results have occurred. 
The significance of the negative serum tests reported in this paper 
is more apparent, in view of these remarks on technic. 

The only possible evidence in these experiments for the influence of 
a physiological factor in resistance to the experimental disease was 
the result of testing the serum of an adult female 32 days postpartmn. 
The same specimen neutralized the virus in one test but not in a 
second, which may be ascribed either to a low virucidal content 
perhaps referable to the previous pregnancy or to a peculiar resistance 
on the part of the young test monkey. 

It is interesting to note that two adult monkeys, male and female, 
included in these series, did not acquire a serum virucidal power 
through intimate contact over a period of 15 months as cage mates 
with numerous monkej’s succumbing to injections of virus. 

The possibility that a general bodily resistance to infection with 
poliomyelitis virus might have been produced in the immature animak 
treated with anterior pituitary extract was taken into consideration. 
The senun-virus mixtures were injected into the brain of the animal 
that had furnished the senun, so that factors other than the possible 
virucidal capacity of the serum might exert their influence. In fhk 
group, too, every monkey succumbed to infection. 

Our inability to effect neutralization with the sera of adult male 
and female monkeys and of young monkeys induced to menstruate 
by artificial means lends experimental evidence to the view that the 
virucidal property of serum is not attributable only to maturity or to 
certain fluctuations in the physiological state of the individual. 

SUMMARY AND CONCLUSIONS 

1. Twelve specimens of serum from nine adult male monkeys failed 
to neutralize the \irus of poliomyelitis. 

2. Ten samples of serum obtained from three adult female monkej's 
at various phases of the menstrual cjxle likewise proved incapable of 
neutralizing the ^^rus. An eleventh serum, drawn from a fourth 
female 32 da}s postpartum, gave irregular results. It neutralized 
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STUDIES ON MENINGOCOCCUS INFECTION 

VI. The Carrier Problem 
B i- GEOFFREY RAKE, M.B., B.S. 

{From the Laboratories oj The Rockejdter Institute for Medical Research) 

(Received for publication, January 10, 1934) 

Cerebrospinal meningitis ■svas amongst the first diseases in which the importance 
of the carrier problem was recognized, and probably in no disease has this prob- 
lem received more attention. Following on similar discoveries in coimection 
with cholera by Roch (1) and diphtheria by Escherich (2), Kiefer (3) and Albrecht 
and Ghon (4) showed that the organism could be recovered from the nasopharynx 
of many patients with meningitis and also from apparently healthy individuals 
who had been in contact with cases. These facts were shortly thereafter con- 
firmed by numerous investigators among whom von Lingelsheim (5) was pre- 
eminent. Although the fact was generally taken for granted, it remained for 
English investigators (6) during the war time epidemic to show conclusively that 
in the maiority of cases the organisms found in the throats are of the same tj^pe 
as those isolated from the spinal theca and are undoubtedly the identical strains. 
These demonstrations drew the attention of investigators to the nasopharj-nx both 
as the presumptive primary' area of infection and as the prossible focus from 
which the disease can be transferred to other individuals. Carrier transmission 
was believed to be more important than case to case infection in view of the 
extreme rarity of obvious infection from case contact (7, 8) and further from the 
finding of von Lingelsheim (5) that the majority of cases of cerebrospinal fever 
gave negative throat cultures after 3 weeks. 

The fact that meningococci could be demonstrated in the nasopharynx of 
apparently healthy contacts (3, 4) was, of course, of the utmost importance. 
These carriers might acquire the nasopharyngeal infection and transmit it without 
themselves showing any symptoms beyond possibly those of a slight phar\'ngitis. 
In the course of several such transmissions the meningococcus might fall on 
suitable soil and be capable of in\-ading the body beyond the mucous membranes 
to produce a general infection and meningitis. 

Kutscher in 1906 (9) showed that carriers existed not only amongst those who 
had been in contact with accepted cases of the disease but also amongst the general 
population. This has been confirmed by many others, and further it has been 
shown, as was only to be cxp>ected, that the carrier rate is highest amongst dose 
contacts and lowest amongst non-contacts, with secondary contacts occupying 
an intermediate position. 
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the majoritj" of investigators that by far the larger number of carriers have 
cleared up spontaneously at the end of the 4th week and three successive throat 
cultures at this time have proved negative (5, 16, 17). Moreover, in the large 
proportion of cases it is held that the cure is permanent and that the meningococci 
do not recur (von Lingelsheim (5)). However, von Lingelsheim also points out 
that the organisms may reappear after a 3 or 4 week negative interval, and 
single or scattered examples of such recurrence ha\'e been reported (17). Unfor- 
tunately there have been relatively few reports of careful subsequent examina- 
tion of “cured” carriers, and one can obtain no dear idea from the literature 
how often the reported absence of recurrence is due to lack of such examination. 

It has been stated that the persistence of a strain in the nasopharjnx is an 
abnormal event and depends upon abnormalities of the upper respirator 3 ’ tract 
(18-20). Such abnormalities could be treated surgically and chronic carriers 
would dear up. Here again, however, it must be pointed out that the criterion 
of cure was that of a few consecutive negati-ve nasopharj-ngeal cultures and that 
no later examinations of these cases were undertaken. 

The certain identification of meningococd in the culture from the nasopharj-nx 
has been a matter of much controversy. Although Albrecht and Ghon (4) in 
1901 had described the preparation of agglutinating serum in rabbits, it was not 
until later that the agglutination test, as the result of work by Flexner (21), 
KoUe and Wassermarm (22) and others, was generally adopted. Before then the 
diagnosis was somewhat uncertain and depended in the main on colony mor- 
pholog}', staining properties and fermentation reactions (23), all of which had been 
carefull}' worked out by von Lingelsheim (5). Once antimeningococcal serum 
had been prepared, however, the agglutination reaction nas made the criterion of 
genuineness, only to be rendered doubtful in turn by the subsequent work of 
Dopter (24). He was able to isolate from the nasopharv-nx an organism which 
had all the traits of the meningococcus but did not agglutinate in a serum pre- 
pared with strains at that time occurring in the spinal fluid of cases of menin- 
gitis. Dopter would not admit that this organism was not a meningococcus and 
proposed for it the name “parameningococcus.” His -view was confirmed bv 
Camot and Marie (25) who succeeded in isolating this U-pe (H and R' by the 
later Gordon classification) from cases of meningitis during the following year. 

It is now recognized that all four of Gordon’s cerebrospinal meningitis t>pes 
can be found in the nasophar\-nx of healthy indi\-iduals, both those who have and 
those who have not been e.\posed to the disease; further, that in epidemic periods 
the proportion of these tj-pcs in the throats of contacts and, to a lesser degree, 
in those of the general popubtion shon-s a remarkable correspondence with the 
distribution of t>-pes among the frank cases of meningitis (12, 16, 17). Certain 
strains of Gram-negaUve coed from the nasopharj-nx are, however, still the sub- 
ject of argument. l\'hile the majority of Gram-negaU've coed mn readfly b^ 
distinguished from meningococd and pbeed in their appropriate groups by m'ean^ 
of the carbohydrate fermentation test, colony characteristics and pigment forma- 
tion, yet there still remain strains which behave in ever%- wav as true meningo- 
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cocci save that they are not agglutinated by any of the four Gordon sera or by 
polyvalent serum. In the past, the weight of opinion has been against the 
supposition that such strains are true meningococci. They were called “pseudo- 
meningococci” or “pharyngococci” (12, 26, 27) and their presence in the naso- 
pharynx was ignored in the estimation of the meningococcus carrier rate. Yet 
Eastwood (28) and Grifl&th (29) claimed that these “pseudomeningococci” had 
every right to be considered as true meningococci, and Scott (30) was able to 
show that although the strains failed to agglutinate with any of the monovalent 
type sera prepared with spinal fluid strains, yet they were closely allied to the 
four Gordon types and could absorb agglutinins from the type sera. The majority 
of atypical strains which Scott examined were found to be allied to Type II. 

In conclusion of this summary, it may be pointed out that the 
previous work has served' to emphasize the importance of the carrier 
in the spread of cerebrospinal meningitis and the necessity for naso- 
pharyngeal examination of contacts and others in order to establish 
the carrier rate and to be forewarned of the danger of an epidemic. 
Newsholme (31) has estimated that during the course of an epidemic 
of a year’s duration nearly everyone within the epidemic zone will 
harbor the meningococcus at some time. The general opinion, based 
on the assumption that three consecutive negative swabs constitute 
a cure, has been that meningococcus carriers, unlike those who carry 
for example Corynehacterinm diphtheriae, are contaminated for only 
a short time and that while radical methods assist in clearing up the 
condition especially if it be stubborn, yet the majority of cases undergo 
spontaneous and permanent relief, leaving only a very small number 
of chronic carriers. It Is also believed by many that meningococci 
are to be regarded as abnormal inhabitants of the nasopharynx and 
further that the strains from the throat can be identified with Gordon’s 
four types. Other strains, which fulfill all the requirements for the 
biological characteristics of the meningococcus save that of agglutina- 
tion in monovalent or pol3walent antimeningococcal sera, are excluded 
by most investigators from the group of true meningococci. 

A consideration of the results of other investigators as outlined 
above has led to the work which is presented here. Of particular 
interest was the question of the duration of the carrier state in the 
absence of any treatment. Was it true that the period of contamina- 
tion was hmited to 3 or 4 weeks? If not, how long a period of apparent 
remission could occur and usually did occur? In the case of reappear- 
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ance of the carrier state, should that take place, was the organism 
the same as that which had formerly been isolated on weekly swab- 
bings, or had there been a change of type or of minor characteristics? 
Fit^ermore, it seemed of interest to examine the distribution of 
types amongst carriers at this non-epidemic time and to compare it 
with other studies of carrier types made during epidemic and non- 
epidemic periods. Finally an attempt was to be made to trace the 
relationship, if any, of the carrier state and its periods of waxing and 
waning to diseases of the upper respiratory tract. 

A partial answer to some of these questions has arisen out of the 
present work and will appear as the results are outlined below. It 
is believed that a study undertaken during an epidemic period might 
serve to enlighten the problem still more. 

Material and Technique 

Investigations were carried out on three groups of normal individ- 
uals which, none of the members having been known to be in contact 
v.ith cases of cerebrospinal fever, could be considered as non-contact 
groups. 

The first group consisted of all the indiv-iduals working on one floor of a building 
unit of The Rockefeller Institute in New York City. This group of adults 
included secretaries, technicians and r^earch investigators, both male and female 
— in all 24 persons. Of these 24 only three had much laboratorv- contact with 
strains of meningococcus owing to the work in which they were engaged. The 
second group consisted of 25 girk between the ages of 6 months and 14 years, 
who were inmates of a foundling home and were confined to an isolation unit on 
account of gonococcal TOginitis.* The last group consisted of 569 young men 
from IS to 25 years of age drawn chiefly from the less fortunate sections of the 
community and collected in a concentration camp at Fort Slocum preparatorv- 
to sending them out to forestrv- camps.' Since the investigation of each of these 
three groups differed considerably, owing to uncontrollable factors, each group 
will be discussed separately. 

Both straight, unprotected swabs and those on curved wires enclosed in a 
protecting Y'est tube made of glass were used, and care was taken to obtain 

> The opportunity is taken to thank Dr. Joseph A. Dilion and aU of the staff 
of ^thc New York Foundling Hospital for their kind cooperation. 

= Tlic author wishes to express his gratitude to Colonel C. R. Revnolds of the 
Second Corps Area Headquarters and the late Colonel George P. Peed, surgeon 
at Fort Slocum, whose kind ctxiperalion made this work possible. 
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material on the swab onl}' from the nasopharjmx behind the soft palate. It was 
found that experience with the straight swab allow'ed one to obtain just as good 
results as with the West tube. An}^ sw'ab touching the tongue or tonshs or 
becoming smeared with sahva was discarded for it w’as found, in complete corrob- 
oration of the W'ork of Gordon and others (32, 33) that contamination with 
sahvary bacteria or their products will inhibit the growth of the meningococcus. 

The nasophar}mgeal swab was smeared on a large Petri dish, 14 cm. in diam- 
eter, freshly poured with pneumococcus agar containing freshly drawm citrated 
rabbit blood and 0.03 per cent dextrose.® B3' using a large plate and changing to 
a sterile swab for the spreading of the material after the initial smear witli the 
infected swab had been made, good separation of colonies w’as effected and 
picking of questionable colonies facilitated. It is important to have the agar 
plate warmed to 37°C. when the plating is done, otherwise the grow'th of the 
meningococcus maj'^ be partiall}’’ or completelj’’ inhibited. Directlj' after spread- 
ing, the plate is returned to the 37°C. incubator and left overnight. The next 
morning it is examined and parts of suspicious colonies are smeared on a glass 
slide, stained bjf Gram’s method and examined. Those colonies wiiich prove to 
be Gram-negative cocci are transferred to freshly poured blood agar plates and 
an estimate is made of the percentage of that particular t3’pe of colon3’’ on tlie 
plate. This transfer in turn grow's out overnight and if it proves the next da3' 
to be a pure culture, its fermentation and agglutination reactions are tested. 
It has been found that more rapid and satisfactor3' results of the fermentation 
reaction are obtained if solid rather tlian fluid media are used.^ All agglutination 
reactions are carried out at 37'’C. for 2 hours and overnight in the ice box (35). 

The ImliMc Group 

The investigations on the first group — those at The Rockefeller 
Institute — ^were the most tliorough. All of tire individuals examined 
worked on one floor of one of the building units of tlie Institute and 


® Fresh beef heart (free from fat and gristle) 500 gm. 

Witte peptone 10 “ 

Sodium chloride 5 “ 

Agar 20 " 

De.xtrose “ 

Tap water 1,000 cc. 


10 cc. of citrated rabbit blood are added to eacli 250 cc. of medium. 

* Beef heart agar, as given in footnote 3 but without the dextrose, is used. To 
90 cc. of this agar, melted and cooled to 45®C., is added 10 cc. of a 10 per cent 
solution of the sugar to be tested. The sugar solution, made up in distilled water, 
has previously been sterilized by heating at 10 pounds steam pressure for 12 
minutes. To 100 cc. of the sugar-agar arc added 5 cc. of hemoh-zed blood anu 
2 cc. of Andrade’s indicator (standard) (34). 
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a plan of this floor is shown in Text-fig. 1. A certain number of 
these indi\nduals were engaged in purely secretarial work, but the 
majority occupied themselves in active research upon pathological 
and bacteriological subjects. Each individual is indicated in the room 
in which he, or she, worked by a number. If the individual was a 
carrier, the strain type is indicated. Those working with meningococci 
are shown by means of a small in. During a period of 20 months, 24 
persons were subjected to nasopharyngeal swabbings which were carried 
out approsimately weekly. Of these 24, thirteen were observed 
throughout the full 20 months. The other eleven, who arrived 
or departed during the course of the investigation, were observed 
over shorter periods; that is to say, two for 15 months, eight for 9 
months and one for 7 months. Ten individuals carried meningococci 
in their nasopharynx at some time or other during the period of ob- 
servation and these ten carriers can be divided into three groups. 
In the first group are five individuals who were constant or chronic 
carriers; in the second, two who were intermittent carriers; and in the 
third, three who were transient carriers. These three groups wfll be 
dealt with in detail. It is important to note that only one of these 
carriers — ^No. 8 — came in contact with meningococcus research work 
in an}’- way. Two non-carriers handled meningococcus cultures, on 
solid or on fluid media, constantly and two more handled such material 
occasionally. These four workers — ^Nos. 5, 6, 7, 24 — ^remained free 
from the meningococcus throughout the period of investigation, 
although one — ^No. 5 — twice accidentally received about 2 cc. of 
li\nng and presmnably pathogenic meningococcus broth cultmre into 
his mouth. 

Three of the five chronic carriers were males and two females. The 
latter individuals were engaged in secretarial work. Protocols of these 
five indiriduals follow. 

iVo. 13. — (Text-fig. 2.) Adult male. This indiridual was negative when fiist 
swabbed, Oct. 6, 1931. He became positive on Nov. 24, showing meningococcus 
colonics for about 10 per cent of his throat plate. From then onwards he was a more 
or less constant carrier until the end of the investigation on Jfay 21, 1933, when 
his throat plate showed 20 per cent of meningococci. In all he showed 33 positive 
cultures out of S2 swabbings. In between these two dates he had intervals of 
freedom from demonstrable infection. These -varied from a single negative swab- 
bing up to S consecutive negaUves or a free period of 2 months. On the whole. 
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the numbers of meningococci were not high but on one occasion Feb. 7, 1933 
the plate showed some 70 per cent of meningococcus colonies. There was some 
tendencj’’ for the meningococci to be more plentiful in the late winter and spring, 
i.e. Januarj' to April, and the longest free interval occurred in the late summer 
and early autumn, August to October, but the seasonal variation was not particu- 
larly marked with this individual. The same type was found throughout— a 
Tj-pe V according to the tenninologj' adopted in this laboratory. As will be 
pointed out below, this type belongs to the Group I, that is to say, is allied to 
Type I-IH. 



Individual 13 was swabbed again on three occasions in Nov., 1933. On one 
of these he was positive and ^owed the same Type V as he had carried previouslv. 
Thus he is knoira to have been a constant carrier of the same type of meningo- 
coccus for at least 24 months. 

lYo. i5. — (Text-fig. 3.) Adult male. This individual was negative when first 
swabbed on Oct. 6, 1931, but became positive on Nov. 3, with meningococci forming 
80 per cent of his throat plate. From then on he remained constantly positive imtti 
Mar. 22 at which time he was recovering from a cold, as will be pointed out below. 
He showed almost throughout the period of investigation surprisingly large num- 
bers of meningococci on his throat plates, ten plates showing 90 per cent or over 
and two being apparently pure cultures. In all, 22 out of 29 swabbings were 
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summer and autumn. The strain proved to he a Tj-pe V and remained unchanged 
during the period of investigation. 

This individual vras swabbed again three times during Nov., 1933. On one 
occasion he showed a meningococcus on his throat plate, of the same 4-pe as 
carried previously— a T>-pe V. He is thus known to have been a carrier for 

21 months. ....,, 

2Z. (Text-fig. 5.) Adult female. Secretarj’. This individual was posi- 

tive when first swabbed, Oct 6, 1931, and remained a constant carrier from then 
on for the remainder of the investigation. In all, 75 out of 92 cultures were 


Pep cent 



positive. Intervals of freedom from meningococci were usually only for a single 
swabbing, but twice there were two consecutive negatives. The numbers of 
organisms as shown by colonies on the plate were usually Wgh and on nine occa- 
sions reached 90 per cent or over. The percentage was consistently higher in this 
individual than in any other. The contamination showed a decided tendency 
to be less in the autumn and early winter in this patient, as is shown by Text- 
fig. 5. Periods of cor^-za did not affect the numbers of organisms, but on two 
occasions phari-ngitis, from which slightly increased numbers of non-hcmolytic 
streptococci could be isolated, was associated with a disappearance of meningococci. 
The strain was throughout a ij-pical Tvpe II indistinguishable from spinal fluid 
T>-pc II strains from cases of meningitis. 
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•with a great diminution in the numbers of meningococci. In the present case, 
hovrever, there uras no permanent relief. 

This indimdual 'was swabbed again on three occasions during Nov., 1933. 
On each occasion she was positive, the meningococci being present in small mm- 
bers— 5, 2 and 3 per cent. The tj-pe was the same as before; namety, atj^ical 
Type n. Thus she is known to have been a carrier of an atypical Type II for 
at least 25 months. 


Pec cent 



Four of these five individuals have thus been knovm to be (ironic 
carriers for periods ranging from 21 to 26 months, and they show no 
signs at the present time of undergoing spontaneous relief. In the 
only case in which there was apparently relief, it followed the appear- 
ance in the nasophaiynx of another pathogen, namely a XTH 
pneumococcus, in great abundance. In every’ case the type of the 
organisms involved remained the same throughout and certain small 
peculiarities in the individual strains which were characteristic, i.c. 
case of emulsion and the like, made it certain that in each instance 
the same strain persisted throughout. 

Both of the intermittent carriers were males. One of them. No. 8, 
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was engaged in the meningococcus research work as technical assistant. 
Although there were five individuals in all who came into some con- 
tact with the meningococcus research work, he was the only one who 
developed a nasopharyngeal contamination. Protocols follow. 

■^0. ^Adult male. This individual was positive only twice in the course of 
9 months (34 swabbings). On the first occasion the strain was a tj^jical l^’pe II 
and appeared in 10 per cent of the throat plate. 3 months later he was again 

Tfep cent 



1931 1932 1933 


Text-Fig. 7 

positive, tlie strain this time being an atypical Tj-pe II which appeared in 3 per 
cent of the throat plate. Three subsequent swabbings during Nov., 1933, were 
all negative. 

— (Text-fig. 7.) Adult male. This individual was negative for 5 montlis 
and then in Mar., 1932, became positive with meningococci forming 75 per cent 
of his tliroat plate. During the next 15 months he was positive on nine addi- 
tional occasions, tlie numbers of organisms usually being small. There were long 
internals of freedom amounting in one instance to 6 montlis and in another to 
4 months. There was a definite iiinter and early spring incidence. Although 
all the cultures isolated belonged to Group II, there were individual TOriaUons 
between different cultures. The majority of cultures were dassed as Type \TI 
but one at least was Type \T, and it seems certain that this individual did not 
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harbor the same strain throughout the period of observatioa. The possibilit}' 
that this individual was infected by the cultures he handled would seem to be 
ruled out by the fact that at no time has a strain similar to the Tj-pe tT strain 
been seen in the laboratory. 

He was swabbed again on three occasions during Nov., 1933, and on one of 
these ^owed 2 per cent meningococQ on his throat plate. Tins strain belonged 
to Group n. 

In neither of the intermittent carriers, therefore, did the strain 
remain the same throughout the investigation. It may be that one 
was dealing -with the same strain throughout but that it was under- 
going definite variations in antigenicity and other characteristics. 
In favor of this is the fact that in each case the different strains one 
and all belonged to Group 11. Yet the indi\ddual variations were 
striking and, in view of the long interv^als of freedom, it is perhaps 
easier to suppose that one is dealing with examples of spontaneous 
cure and reinfection in persons perhaps peculiarly susceptible to the 
carrier state. 

Nos. 3, 12 and 19 . — ^The three tianrient carriers were all adult males. In each 
case the meningococcus appeared in the throat on one occasion only. In No. 3 
the infection formed 40 per cent of the plate, but in Nos. 12 and 19 the infection 
was only slight, being 3 per cent and 5 per cent respectively. AH the strains 
belonged to Group II, those of Nos. 3 and 12 being Tj-pe 11 while that of No. 19 
was a T\-pe MI. They were obsei^-ed for 20, 9 and 15 months respectively. 
Resuabbing in Nov., 1933, gave negative results. 

The investigation of this group of 24 indiriduals brings out certain 
points of interest. In the first place, it can be stated that this is 
apparently the first time that any group of individuals, including 
carriers of the meningococcus, has been subjected to such intensive 
and prolonged investigation. Of the ten carriers, six were observ'ed 
for 20 consecutive months, one for 15 months, two for 9 months and 
one for 7 months. In everv* case, except No. 15, there was an 
unavoidable gap of between 2 and 5 weeks in the summer when vaca- 
tions interfered with the observations. Apart from these gaps the 
throat swabs were taken once evetv- week. 

It will be noted from the charts that the throat cultures often showed 
a great abundance of meningococci, these organisms occasionally being 
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Strain which had failed to agglutinate in Type I or n serum.® The 
serum prepared against this strain was found to have the property of 
agglutinating typical TjTie 31 strains although the strain itself failed 
to agglutinate in Type 11 serum. The strain was next tested for its 
power to absorb agglutinins and was found to remove them from 
TjTie n but not from Type I serum. The strain was called an 
at}T)ical Type II (designated 11*) and the serum prepared against it 
was called at}T)ical Tj^e H* serum. When the atypical nasopharjm- 
geal strains were tested with this serum, two were found which 
agglutinated; namely, those from Individuals 4 and 23. These strains 
did not agglutinate in T)T32 H serum. It is of interest that two 
strains recently isolated from sporadic cases of frank, and in one 
instance fatal, meningitis, occurring in children, have proved to be 
atypical Type II*, identical in every way with those isolated from 
the apparently normal nasopharynx.® It is clear from this that these 
atypical nasopharyngeal strains are capable of producing the charac- 
teristic picture of cerebrospinal fever. 

Of the six strains remaining unagglutinated, three were used for 
the production of antisenun; namely. Strain 438 from No. 17, and 
Strains 456 and 444 from Individual 8. The senun prepared from 
each of these strains did not agglutinate any other of the three, at 
least when the strains were freshly isolated. The}’- were designated 
Types V, \T and VTI respectively. It was found that Type V anti- 
serum would agglutinate Tj^pe I-m strains slightly and that T}T)e V 
strains removed agglutinins from Type I-in serum. Similarly, T 3 'pes 
and \TI showed these relationships with Tj^pe 11. One other 
strain, from Individual 13, was shown by agglutination with these new 
sera to be a Tj^pe V and two others, from Individuals 15 and 19, 
were Tj^dc \TI. 

Table I shows the strains belonging to the different tJTJCS and the 
indi^^duals from whom they were isolated. As a result of the rela- 
tionships pointed out above, Tj-pe V is believed to belong to Group I, 
which includes Tj-pcs I and III; and Tj-pes n*, \T and \TI belong 
to Group II, which includes Tj-pc II and probably Tjtjc I\'. 

®This strain, No. 441, vras isolated from a paU'ent in the Cardiac Sendee and 
TOS obtained through the courtesy of Dr. Thomas Frands, Jr. 

« l?oth of these strains came from the New Haven Hospital through the courtesN- 
of Dr. James D. Trask. 
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After these nasopharyngeal strains had been maintained for months 
on artificial media it was found that those belonging to Type V showed 
some agglutination in typical Type I-III serum while Types IP, \T 
and VII agglutinated in Type II serum, thus confirming the conclu- 
sions already arrived at as to the relationships of these strains. It is 
interesting to note that Scott (6), worldng on non-contact carrier 
strains during an epidemic period, isolated strains which were similar 
to those described here in that they differed from typical l^pe I-III 
or II strams but showed some relationships with them. 

It will be seen that ten of these carrier strains belong to Group II 
while only two belong to Group I. There are moreover four typical 
Type II strains and no Type I-III. It is now fairly well agreed in 
this country and in Europe that Type I-III is prevalent during the 


TABLE I 


Group 

Type 

Strain 

Carrier 

I 

v 

427, 438 

13, 17 

II 

II 

! 475, 457, 482, 15 

3, 4, 12, 22 


11 * 

468, 18 

4, 23 


VI 

456 

8 


VII 

444, 422, 443 

8, 15, 19 


epidemics wliicli have been seen in tire past decade, while Type II 
accounts for a large number of the sporadic cases and undergoes a 
relative increase in prevalence during interepidemic periods. 

An attempt was made to keep a complete record of all colds, sore 
throats or other infections of the upper respiratory tract suffered 
by members of the group during the period of observation. In the 
case of the carriers, tliese are indicated in tlie diarts. The results 
were too scanty to allow of definite conclusions but certain facts can 
be pointed out. Coryza whicli was not accompanied by an over- 
whelming outgrowth of one of the tliroat patliogens did not appear to 
change the numbers of meningococci in the nasopharynx, as judged 
by numbers on the throat plate. On the other hand, phar^mgitis 
and any infection accompanied by the outgrowth of one of the patho- 
gens, as for example E. iujlucnzac or pneumococcus, in large numbers 
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did cause the numbers of meningococci to decrease and even produced 
an apparent cure of the condition in one instance. This is of interest 
in view of the work of Gordon (32) and Colebrook (33) who showed 
that certain organisms and their products, more particularly the pneu- 
mococcus, were definitely antagonistic to the meningococcus and 
inhibited its growth markedly. 

The Foundling Hospital Group 

A group of 25 young girls and female infants, from 14 years to 
6 months in age and of both white and colored races, were swabbed 
weekly. These children were all strictly isolated in a separate ward 
on account of gonococcal vaginitis and remained in this ward imtil 
pronoimced free from the infection. The length of stay of members 
of the selected group in the ward varied from 3 to 28 weeks from the 
time of commencement of the nasopharyngeal investigation. The 
technique followed was that outlined above. Among the 25 children 
two were found to harbor meningococd at some time. 

Individual A . — Colored infant, 14 months, was found to be positive when first 
examined on Sept. 8, 1932. ^leningococcus colonies of T>’pe I-m were found 
in 10 per cent of the throat plate. The following week they formed 5 per cent, 
the 3rd week 40 per cent and the 4th week 20 per cent. On Oct. 4, the 5th week 
the snnb showed no meningococci and the child remained free up to the end of 
the 10th week when, the vaginitis being cured, she was discharged. In the case 
of this child it is of course impwsdble to say how long before the investigation was 
started the infection began. Moreover, it is not possible to say that the carrier 
state had spontaneously cleared up since the child was lost sight of at the end of 
the 10th week after only five successive negative weekly swabs which, it is believed, 
do not constitute sufficient evidence of a cure. 

Individual B . — 6 year old white girl. She also carried a Tj-pe T-TTT meningo- 
coccus. Since the carrier state began Sept 27, while Individual A was still posi- 
tive with the same tjpe, it is possible that this is an example of contact infection. 
B was negative for the first 3 weeks from Sept. 6 and then on Sept 27 showed 
meningococcus colonies as 30 per cent of her throat pbte. The next week the 
organisms were present in 10 per cent but on Oct 11 she became negative and 
remained so for 22 weeks until Mar. 14, 1933, when, the vaginitis being cured, 
she was released from isolation. 

The numbers of individuals investigated in these first two groups 
are strictly comparable but it must be emphasized that the duration 
of the investigation varied considerably. Tims the average length 
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such circumstances. It corresponds to the carrier figures as usually 
given. It is believed, however, that it is appreciably lower than the 
real carrier rate among this group of young men, a rate which could 
be determined only by careful weekly examinations made under con- 
ditions as favorable as those that could be applied to the Rockefeller 
Institute group. 

The proportion of Group II strains is again noticeably high and 
corresponds very closely to what was observed in the Institute group 
and to the figures given by Scott and others. It would seem that the 
members of Group IT, including strains apparently identical with 
T3^e n strains obtained from the spinal fluid of meningitis patients, 
are those which are to be expected most commonly as apparently 
harmless saprophytes in the throats of normal individuals. 

SXJirMARY 

Of the three studies which have been reported in this paper, the 
most thorough and therefore the most instructive was that made 
upon the Rockefeller Institute group of 24 individuals. The ten 
carriers discovered in this group were formd to fall into three cate- 
gories; namely, chronic, intermittent and transient carriers. It is, 
perhaps, a matter for surprise, in view of the weight of evidence in 
the literature, that half of the carriers should appear in the chronic 
group, being constantly affected for periods over 2 years and con- 
tinuing to carry throughout this period what was, to all tests, the 
same strain of microorganism. It has been shown that no claim of 
relief from the carrier condition can be based on three consecutive 
negative swabs at weekly intervals since apparent spontaneous 
“cures,” as evidenced by negative swabs, may last for 4| months and 
finally be terminated by the reappearance of the same strain as that 
carried before. 

The effect of coryza and pharj-ngitis on the persistence and degree 
of the meningococcal infection has been studied and, while the results 
arc scanty, indications have been found that corj'za, imassodated 
with any increase in numbers of the nasopharyngeal pathogens or 
streptococd, causes no change in the number of meningococd present 
in the throat. On the other hand, a streptococcal pharyngitis or anv 
infection in which other throat pathogens increase greatly in number 
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is usually associated with a marked diminution or actual disappear- 
ance, whether temporary or permanent, of the meningococci from 
the nasopharynx. Tliis is in accordance with the work of Colebrook 
and Gordon. 

Of the 26 carrier strains which were isolated in these three groups 
of individuals, only eight could be identified with Gordon’s four types 
which are isolated from the majority of cases of meningitis. It is 
considered as certain, however, that the other 18 strains are to be 
regarded as true meningococci. Not only do they show the same 
cultural characteristics and fermentative reactions as the typical 
strains, but serological tests, especially that of absorption, have 
revealed that they are allied to the two main types, I-III and II, and 
can be regarded as belonging to the broad serological Groups I and II 
which include these typical Gordon types. Moreover, atypical Type 
II* strains, identical with those isolated from the nasopharynx of 
carriers, have recently been found to be the cause of two cases of 
frank cerebrospinal fever. Only five of the 26 strains belong to 
Group I while the other 21 are members of Group II. This is interest- 
ing in view of the work of Scott who found that Group II strains 
predominate in carriers during interepidemic periods like the present. 
In periods of epidemics the carrier strains from both contacts and non- 
contacts in the epidemic zone are more often of Group I and even 
more constantly tend to be of tlie typical Gordon types rather than 
atypical forms. 

As has been pointed out in an earlier paper (35), tlie viability of 
tliese carrier strains when planted in defibrinated rabbit blood is low 
as compared to the typical and freshly isolated meningitis strains. 
The exact significance of this fact is not knoAvn. It has not been 
possible up to the present to do comparative virulence tests between 
spinal fluid and nasopharyngeal strains owing to the absence of a 
sufficiently susceptible animal. 
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The existence on the walls of the small blood vessels within certain 
organs of multitudes of cells endowed with remarkable phagoc3dic 
ability has long been recognized. To the older students of body pro- 
cesses these cells appeared to have a sufficient task in the removal and 
disposal of bacteria, effete corpuscles, and other particulate matter. 
Recent observations and the growing realization that cells of a single 
sort may do several kinds of work have led to a renewed scrutinj^ of 
the capabilities of the fixed phagocytes. They are now supposed by 
many investigators to constitute a distinct physiological system, the 
reticulo-endothelial system, so-called; and fimctions in great variety 
have been ascribed to them. 

The reticulo-endothelial cells may very' well carry out important 
tasks besides scavenging, hluch evidence points to this. But it has 
been obtained under complicated conditions and hence has remained 
inconclusive. The iimumerable attempts to produce a fimctional 
blockade of the cells by inducing them to gorge themselves with par- 
ticulate matter have inevitably disturbed the organism in other wavs, 
as have also the tests wherein the cells have been led to take up par- 
ticles which poison and kill them. The need to procure and maintain 
li\ing reticulo-endothelial cells for study in vilro is an ob%nous one. 
By the methods here to be described, this has been done for the retic- 
ulo-endothclium of the liver (the Kupffer cells). 

Flushing ihc Cells from the Liver 

Forcible washing out of the normal dog or rabbit liver through the 
portal vein, or backwards through the hepatic vein, even when com- 
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bined with intermittent distention under pressure and kneading, 
causes few or no Kupffer cells to be dislodged, and the yield is equally 
poor whether the fluid be serum, or Tyrode containing f per cent of 
gelatine, or ordinary Tyrode, at room or body temperature. Into 
chilled fluid the Kupfler cells do not come away at all, and attempts to 
shock them off the wall of the liver sinuses by adding a trace of forma- 
lin to the wash fluid, to digest them off with trypsin, or to anesthetize 
them into letting go their hold by means of perfusion with a fluid 
containing ether, have alike proved unavailing. 

Von Kupffer (1) noted that after the cells had taken up particulate 
matter some of them came away into the venous blood; and later stu- 
dents of %’ital staining have described "showers” of dye-laden Kupffer 
cells in blood procured from the right heart. A major difficult}’’ in the 
attempts to "block” the cells with India ink and other materials has 
been their rapid proliferation with result that great numbers of new, 
unblocked ones soon come into being. These observations have led 
us to inject animals several times intravenously with particulate 
matter, washing out the liver forcibly a few days later when one 
might suppose that the cells could be dislodged from the capillary wall. 

The initial experiments were carried out nnth India ink. Rabbits were injected 
intravenous!}’ at intervals of a few days with 5 to 10 cc. of a half strengtli prepara- 
tion of Higgins American Drawing Ink, a non-w’aterproof suspension, which had 
been dialyzed in the cold for 10 days against several changes of sterile Locke’s 
solution and filtered through paper. Three or four injections of 20 cc. were made 
into dogs, and of 5 to 20 cc. into rabbits. 

At various periods after the last injection the animals were anesthetized, tlie 
inferior cava w'as ligated above the kidney, and the liver was perfused with warm 
Tyrode solution through the portal vein, with collection of the washings from the 
superior cava. Flow’ was begun at a pressure of 10 cm. Tyrode, and when the 
w’ashings no longer contained blood the pressure was raised to 30 cm. and finally 
to 60 cm., with intermittent obstruction to the outflow', and kneading of the dis- 
tended liver as it emptied itself after the obstruction was removed. The fluid 
first collected on raising the pressure was a cloudy, dark gray, owing to the presence 
of myriads of ink-laden ccUs. These phagocytic cells were of several sorts, many 
being polymorphonuclear leukocytes. When the flushing out was done on the 
day after the last ink injection, as much as i cc. of them could be obtained from 
the liver of a 2000 gm. rabbit, though the yield was usually less. If on the other 
hand washing was done after an inteiwal of a week or more the }'icld of phagocytes 
was ver}' small. 
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The tests showed that when the conditions were rightly chosen 
great numbers of phagocytes could be obtained. Not a few were 
present with blood in the first perfusate at low pressure. The mor- 
phology of the cells and their significance is considered in an accom- 
panjdng paper. Many were enormous as compared with the 
accompan 5 dng leukocytes, and there was no difficulty in identifying 
these as Kupffer cells. On coming in contact with a glass surface, in 
the warm box, they put forth a broad membrane and then were often 
as much as 100 /x across (Fig. 1). 

The ink-containing cells, though sedimenting rapidly^ could not be 
separated entirety from the associated elements by differential centrif- 
ugation. It was found, though, that if iron had been taken up 
instead of ink, selection could be accomplished with the magnet. 

For the first attempts minute spherical iron particles (alcoholized iron, Merck), 
selected from the commercial preparation by differential sedimentation, were 
injected in suspension in a solution containing 7 per cent gum acada and 0.9 per 
cent NaCl. They were taken up by Kupffer cells, some of which were found in the 
liver washings; but the heavy material so weighted the cells that they were in- 
capable of movement. Resort was now had to the gamma ferric oside of Bau- 
disch and Welo (2), a relatively light substance of strong magnetic properties.* 
The pure material was suspended to the amount of 4 per cent in 14 per cent gum 
acacia made up in distilled water, and ground in a colloid mill (No. 1 High Sp>eed 
Laboratory Mill of the U. S. Colloid Mills Corporation)' until the particles were 
1 p or less in diameter. Distilled water was then added to make a 2 per cent sus- 
pension of the iron oxide in 7 per cent gum acacia, and the suspension was auto- 
claved in test tubes under washed paraffin oil to rule out oxidative changes. The 
larger particles tended to sediment during storage in the ice box, but were readily 
resuspended for injection. We have gained the impression that preparations 
made within 2 or 3 weeks of use weld the best results in terms of free Kupffer cells. 
The iron oxide, as seen within these cells, consists of roughly spherical, amber- 
brown particles. They persist unchanged within the cells. The liver of a rabbit 
killed 19 months after injection welded phagoc\-tes containing the characteristic, 
irregular, brown particles, and these obeyed the magnet and gave a positive 
potassium thiocyanate test. 

* We would stress out great indebtedness to Dr. Oskar Baudisch for his re- 
peated generous gifts of material and for his interest in the work. 

' The material was ground for us through the kind interest of Mr. M. P. Hof- 
mann of the Corporation. 
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For this reason phenol red should be added to it before filtration, in the propor- 
tion of 4 cc. of a watery 0.3 per cent solution for every 4 litres, and CO 2 bubbled 
through until the color becomes orange-pink, indicating a reaction of about pH 7.3. 

' The wanned wash fluid flows to the liver through a sj-phon from a 6 litre Florence 
flagl- The washings are collected from the portal vein through a rubber tube 
with a glass connection projecting through a stopper into an inverted funnel with 
cut-o5 stem. The flange provided bj' the funnel serves to protect the fluid from 
contamination during collection. 

At 10 cm. pressure the fluid flows but slowly through the liver, and while it is 
flushing out the blood the suspensor>' ligaments are cut through and the gall 
bladder is slit and mopped out. All is now ready for the flushing away of the 
Kupffer cells. 

To aid in the removal of the last blood, the liver lobes are gently lifted from 
time to time, and when the wash fluid comes away practically dear collection is 
begun, at first of samples into 10 cc. C3'linders in which 0.1 cc. of a sterilized 1 in 
1000 heparin solution has just been placed. Then the pressure is raised to 30 cm. 
and the further washings are received in a pjTex vessel of about 300 cc. capadty, 
(“taper flask”) shaped like a narrowed separation funnel (Text-fig. 1), with straight 
sides to minimize the accumulation of sedimented cells. The flask contains 1 cc. 
of 1 in 1000 heparin solution in saline. Just before the pressure is raised the inflow 
is stopped and the right hand is thrust palm up under the liver so that the first and 
second fingers lie on the left side of the cava and the fourth and fifth on the right 
side. The fluid is then turned on and, as it flows through, the liver is gently 
kneaded. Soon the outlet tube is clamped, the liver is allowed to swell moderately, 
the outlet is opened again, and massage is done gently but firmly with the left 
hand to aid in expelling the fluid. This alternate swelling and massage of the 
liver as it empties is repeated several times with short waits between, during which 
as the findings show, the KupSer cells tend to loosen. The entire procedure from 
the start of the operation requires about 20 minutes. A final sample is taken from 
which, with the earlier, one can learn whether iron-containing cells are present in 
quantiU'. 

The same procedures are used with dogs but they are given much more iron, 
. 5 O cc. each da}’ for 3 days, with washing out on the 3rd day after the last injection. 
The dog liver yields far more phagoc}’tes than the rabbit and it can be massaged 
with less danger of rupture. Furthermore the Kupffer cells survive longer in 
TvTode. 


Selection of the Cells 'j.'ith the Magnet 

It was essential for the ultimate objects of the work that the cell 
suspension should be handled under conditions e.Tc]uding infection, 
that the phagocj'tes containing iron should be drawn upward by the 
magnet,— to avoid an admixture with sedimenting elements of other 
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sorts, — and that after collection they be held in place while Tyrode 
flowing past removes all traces of blood. A further essential not 
foreseen as such was to collect the cells on a surface from which they 
could be readily dislodged. For when they had been attracted to a 
glass surface a strong stream was required to bring them away and a 
considerable proportion were killed during the process. After many 
modifications, a satisfactory apparatus has been developed (Fig. 2 
and Text-fig. 1). 

A large unipolar electric magnet (Giant Eye Magnet of the General 
Electric X-Ray Corporation) is fixed vertically beneath a glass 
chamber into which the cell suspension is run. It flows in a thin 
layer under and around a long glass tube having on the outside a col- 
lodion membrane and inside a rod of soft iron. When the current is 
passed through the electric magnet, this rod becomes magnetized 
secondarily and if the distance between the two has been properly 
adjusted, its pull upwards is considerably greater than the downward 
one, sufficing to attract and to hold practically all of the iron-contain- 
ing cells present in the layer of slowly moving fluid round about. 
They collect on the collodion membrane and are washed in situ with 
Tyrode solution, run through with enough rapidity to flush out and 
remove all sedimented cells from the separation chamber. The tube 
and iron core are then taken out together, the cells remaining at- 
tached because the core has now some magnetism of its own; the end 
of the tube is dipped in rabbit serum; the iron core is withdrawn; and 
the cells are shaken off into the fluid. They can then be cultured. 

Details of the apparatus are given in Fig. 2 and Te.xt-fig. 1. The neck of the 
taper flask {T) connects with a rubber tube which is closed off with a screw-damp 
until it is slipped over the end of the tube which leads to the separation apparatus. 
The latter {S) is set up in a room with air freed of bacteria b}' sprajdng and air 
filtration. The mouth of the taper flask is dosed with a tight-fitting cotton plug, 
so that it can be inverted at wiU to keep the cells in suspension, and it rests in a 
ring stand Mth an opening at one side of the ring to facilitate removal. The V 
tube 'with which it connects vertical!}', — to give less chance for sedimentation, 
has a three-w’ay stop-cock at the fork. The slanting limb of the Y connects with a 
second flask containing T}Tode solution. Flow into the separation chamber is 
regulated with the stop-cock, and its rapidity is gauged by the outflow tube which 
is protected by a glass shield (E). 

The separation chamber is shaped like an elongated pear. It has a broad mouth 
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closed with cotton covered with Chinese silk to prevent fibres from falling into the 
fluid. Two tubes pass through the stopper, the glass “core tube” through its 
center, and, through its uppermost side, a narrow pipette {P) provided with a bulb 
and a large rubber nipple. The pipette is used to draw oft' all possible fluid from 
about tlie core tube, prior to removal of the latter from the apparatus. Until 
that time the point of the pipette is not pushed down into the fluid. 

The core tube (C) has a cross-piece near the top for ease in handling. Around 
its lower portion is a collodion sheath not shown in the drawing, made by dipping 
this portion into a concentrated sucrose solution and, when this has dried, dipping a 
little more deeply into a collodion solution. Before the latter has completely 



dried the tube is immersed in several changes of water to dissolve out the sugar. 
The result is a sheath attached at its top to the tube, but not elsewhere, and hug- 
ging the glass closely after sterilization. When the separation chamber has been 
assembled it is autoclaved, with a little water in it to prevent the collodion from 
becoming brittle. Before the liver washings are run in, the core lube is adjusted 
and held with its lower end about 2 mm. above the bottom of the separation 
chamber, by means of the rubber-covered screw-clamp (/*'). Two pointed glass 
studs (not shown), projecting into the separation chamber a little way up from 
the bottom, prevent it from being pulled against the lower side of the apparatus 
when magnetization is begun. soft iron rod (/), which fits it snugly and has a 
rounded end, is then inserted. 

The separation chamber rests on a heavy glass plate held in cleats between two 
uprights. Under it is fi.xed a glass chamber in which water circulates, to [irevent 
heating when the magnet gets warm. 
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After the taper flask has been connected with the apparatus the water in the 
separation chamber is replaced with Tj-rode’s solution by turning the three-way 
stop-cock, and then the magnet is brought into play and the cell suspension is 
slowly run in. It flows under and around the bottom of the core tube. A rate of 
about 1.5 cc. per minute has proved best for collection. When iron-containing 
cells are plentiful a brown skim, soon thickening to a fur, collects on the core tube. 
If the magnet is allowed to get verj' hot its puU falls off greatl}’. To prevent this 
we have regulated the current bj' means of a rheostat in such wise that the magnet 
exerts a pull of 1.13 kg. at a distance of 4.75 an. on a cj’linder of cold rolled steel 
shafting 5.06 cm. in diameter and 18.25 cm. long, held vertically over its pole. 
With tbi»; amount of current our magnet does not overheat and the strength of the 
puU is maintained. 

WTien the collection of the cells is finished, — a matter of 2 to 3 hours, depending 
on the amount of material, — the separation chamber is flushed out with a brisk 
current of Tjuode solution from the reservoir (R), thus washing the cell material 
while still in place. Then by means of the pipette as much fluid as possible is 
drawn off. This is important since the higher the meniscus the greater is the 
likelihood that some of the fur of iron-containing cells will be lost when the core 
tube is withdrawTj. It is now lifted out, stopper, core, pipette, and all, without 
turning off the magnet; and its cell-coated end is at once submerged in sterile rab- 
bit serum. Transfer without loss is possible because secondary' magnetization of 
the iron rod holds the cells in place after removal from the neighborhood of the 
large magnet. The rod is now slipped out of the collecting tube, and the bulk of 
the cell material falls away immediately into the serum. Most of that which stiU 
adheres to the collodion can he dislodged by cutting this up and gently agitating 
and pipetting the fragments. Several tenths of a cubic centimeter of Kupffer 
cells can be obtained from the liver of a 2000 gm. rabbit. 

Cvlthation of the Cells in Vitro 

Attempts were first made to grow the cells in a plasma clot accord- 
ing to the usual technic. Thej' were dislodged from the collecting 
tube into Tyrode solution, and 3 parts of the resulting cell suspension 
were mixed with one of rabbit plasma and plated in amounts of 2 cc. 
in Carrel dishes. In cultures thus made the cells sedimented to the 
glass before clotting occurred, and their morpholog>- could be readily 
studied. Few put out membranes during the succeeding days of 
incubation, though many survived as large spherical, or slug-shaped, 
entities. Wlien first plated they were frequently in aggregates, as 
collected by the magnet, but in the course of 48 hours at 37°C. these 
broke up, the cells slowh* moving apart (Fig. 3). 

Some division of the cells took place (Fig. 4), yet the fact soon be- 
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came plain that in even the thinnest clot they could not be propagated 
in quantity nor could reliable tests of their functions be carried out. 
Consequently a nearer approximation to natural conditions was 
sought. 

Within the liver the Kupffer cells live on the walls of small channels 
with a current of fluid flowing past them; and histologically they 
appear to be fixed on the walls by a broad membrane. They put out 
such a membrane on coming in contact with a flat glass surface when 
they are first procured. Normally it is extended on the inner side 
of the curve of the capillary wall; but there seemed some likelihood 
that extension would also occur on the outer side of a curve or in other 
words that the cells would fix themselves and live on the outside of 
fibres bathed in fluid, in much the same way as on the interior of small 
vessels. This has proved to be the case. When a suspension of the 
cells in serum, as first procured, is poured upon a layer of washed 
sterile lens paper in a Carrel dish, they fall through the interstices of 
the paper to the bottom of the dish. Here some of them flatten out 
and remain. The majority, however, swarm up the fibres within the 
first 48 hours of incubation (Fig. 6) and scattering, fix themselves here 
and there. Their arrangement may be likened to that which would 
exist if the liver capillaries were turned inside out. Immense numbers, 
distributed on the fibres, can be kept in flourishing condition if the 
serum is replaced each day (Fig. 5). The following technic has been 
developed: — 

Leitz lens paper, non-ribbed, is washed in several changes of 5 per cent hydro- 
chloric acid, rinsed in distilled water until acid-free, dried, and cut into discs that 
will cover the bottom of Carrel dishes 3 cm. in diameter. Two discs are intro- 
duced into each dish, spread flat witli a glass spatula and autoclaved. The Kupffer 
cells selected with the magnet are shaken or pipetted away into serum,— in amount 
regulated by the number of cultures desired, — and 2 cc. of the suspension is dis- 
tributed to each dish. The latter are closed mth rubber stoppers and incubated 
24 to 48 hours, that is to say until the cells have put out membranes and fi-xed 
themselves on fibres or glass. The serum is changed daily thereafter by tipping 
the dish and drawing off as much as possible, usually about 1.8 cc., or nine-tenths 
of the whole. Enough remains between the fibres for the cells to remain undis- 
turbed. They have been successfully maintained for as long as 10 days, during 
which period an active multiplication of them took place. \Vc have not tried to 
keep them longer since it seemed best to study tlieir functions as soon as possible. 
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When the cells were propagated in serum diluted with Tyrode they showed many 
gmall granules of fat after the first few days, and tended to round up and fall from 
the lens paper. Successful cultures in undiluted serum showed practically no 
fat, and the cells remained more or less flattened. 

Effect of the Magmt as Such 

Under the influence of the magnet most of the cells collect along the 
lines of force and the intracellular iron particles undergo a regrouping, 
with result that cells and iron, on suspension in serum, may appear like 
cherries skewered on a stick, the iron particles of the cells being ranged 
in a line to form the stick. It was noted that the cells of such configu- 
rations seldom survived in culture. To test whether magnetization, 
as such, kills cells containing ferromagnetic iron oxide, the following 
experiment was done: — 

Two small horseshoe magnets were screwed to a board, with the north poles 
opposite each other at a few millimeters distance (Text-fig. 2). Under aseptic 
conditions a few drops of a freshly procured suspension in serum of iron-containing 
cells were placed within a deep ring of \'aselme in the well of a large hollow-ground 
slide, a cover-slip was sealed on, and the slide was turned over and fixed on raised 
cleats to either side of the magnet, so that the vaseline ring, — which extended from 
slide to cover, retaining the fluid, — lay between the magnet poles, with the cover- 
glass just clear of these, A hole through the middle of the wooden block on which 
the magnets were set permitted study of the cells by transmitted h’ght. Incuba- 
tion was done as usual. The iron-containing cells promptly fell out of suspension 
onto the cover-glass. The majority were drawn into the lines of force within the 
first minutes, and the intracellular iron particles were seen to shift position grad- 
ually until thej- had become arranged in apparently continuous lines (Fig. 7). 
Not a few cells which happened to have fallen between the lines of force fixed 
themselves there, and the arrangement of the iron they contained did not indi- 
cate any influence by the magnet. These served as controls. In preparations 
incubated for 4 days \s-ithout change of the medium they fared no whit better than 
the ones skewered on the lines of force. Both put out membranes (Figs. 8 and 9), 
and undervi-cnt gradual fatty changes to the same degree. Preparations that were 
removed from the influence of the magnets after 1 or 2 da>-s, and further incubated, 
showed a prompt breaking up of the linear fixaU'on of the cells, these mo-ving off 
in all directions along the glass. 

The experiment shows that sufficient magnetization of the intra- 
cellular iron to cause alignment of it and a grouping of the cells along 
the lines of force causes no harm. It is possible, of course, that strong 
magnetization is lethal in effect. However a sufficient explanation 
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of the cell death we observed as result of it is to be found in the 
brusque rearrangement of the intracellular particles that it causes. 
Chambers and Fell (4) have demonstrated that tearing the cyto- 
plasm of a mammalian cell with a micro-needle sufSces to kill it. The 
Kupffer cells are stabbed from within so to speak. That they are 
extremely sensitive to trauma is shown by the fact that most of those 
dislodged by very forcible liver washing are dead when obtained. 

Infection as a Complication 

The vascular arrangement whereby blood coming from the intes- 
tines must pass by the Kupffer cells, and the known special ability 
of these cells to take up and destroy bacteria, suggest that they are 
constantly engaged in removing bacteria which have entered the 
circulation from the gut. Many experiments have been reported 
which have been taken to support this conception. In the material 
utilized by us for cultivation there were always Kupffer cells that had 
died during the manipulations; and a priori it seemed all too likely 
that bacteria recently phagocyted by some of these, but not destroyed 
prior to their own death, would overgrow the cultures, especially when 
the bactericidal action of the serum had been lessened by heating it 
at 56°, as was frequently the case. Such overgrowth did occur on 
occasion, the bacteria rapidly multiplying throughout the fluid me- 
dium. This happened almost regularly when the cells were obtained 
from the livers of animals that had appeared to be ailing. In the 
attempt to obtain a larger yield of iron-containing cells than ordinary, 
some rabbits and dogs were given one or several intraperitoneal in- 
jections of a sterile solution of nucleic acid, while others received a 
suspension of killed cultures of B. prodigiosns intravenously. They 
had fever in consequence and the washing out of the liver was done 
while it was still present. The yield of Kupffer cells under such con- 
ditions was extraordinarily abundant, but the cultures were promptly 
overrun with bacteria. On the other hand cultures from normal 
rabbits and dogs remained uninfected when there had been no slips 
in technic. It was clear that either the bodily derangements caused by 
the injections so affected the Kupffer cells that they could not cope 
witli incidental bacterial invaders phagocyted by them, with result 
that these were carried with them into the cultures, or else that blood 
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invasion by bacteria capable of growing in cultures containing Kupffer 
cells in serum (whole, or inactivated, or diluted with 3 parts of TjTode) 
occurs to but a slight extent if at all normally. The latter alternative 
seems the more likely, since the Kupffer cells washed out of the ani- 
mals with fever, instead of appearing to be adversely affected, were 
notably more active than usual, swarming up the strands of lens 
paper and scattering upon it after only a few hours of incubation in- 
stead of the usual 24 to 48, — within which period, however, they died 
in consequence of profuse bacterial growth. In rabbits with fever, 
whether produced by nucleic add, killed bacteria, or by infection, 
living and active Kupffer cells could be washed from the liver when 
there had been no preliminary injection of particulate material. An 
animal washed out at the height of vaccinial infection gave a notably 
large yield. As already stated washings from normal animals con- 
tain only an occasional Kupffer cell. 

These facts indicating that the Kupffer cells are markedly influenced 
in their activity by the general body state, as further, perhaps, that 
non-specific disturbances favor the entrance of bacteria into the blood 
stream, have as yet not been followed up experimentally. 

SUIEUARY 

Methods and apparatus are described wherenith li\ing Kupffer 
cells can be procured from the liver of the rabbit and the dog for 
study and cultivation in vitro. Almost none of these cells can be dis- 
lodged from the normal liver by forcible perfusion ; but after they have 
taken up finely particulate matter (India ink, iron oxide), they come 
away in great numbers. WTien they have phagoc>-ted ferromagnetic 
iron o.xide they can be selected with a magnet from amongst the blood 
elements present in suspension with them; and they are obtainable in 
quantity by this means. They do poorly when plated in a thin 
plasma clot, failing to multiply or to assmne their characteristic shape; 
but they flourish when allowed to attach themselves to strands of lens 
paper bathed in serum that is frequently changed. 

Bacterial infection of serum cultures of Kupffer cells from normal 
rabbits and dogs occurs only as the result of sccondaiy contamination 
of the materials, whereas it regularly develops in cultures from animals 
with fever induced by the injection of nucleic acid or of killed B. 
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prodigiosus. Kupffer cells obtained under such conditions are ab- 
normally active, and some can be washed out of the liver of sick ani- 
mals in the absence of any preliminary phagoc3d:osis of particulate 
matter. The facts have a bearing both on the conditions conducing 
to blood invasion and on the response of the Kupffer cells in the 
emergency. 

The characters of the isolated Kupffer cells and the results of tests 
of their presumptive functions will be described in later papers. 
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EXPLANATION OF PLATES 
All of the photographs were made from fresh preparations. 

Plate 40 

Fig. 1. Slide and cover-slip preparation of the liver washings of a rabbit re- 
peatedly injected with India ink, — to show the relative size of erytliroc 3 des, non- 
phagocytic white cells, and Kupffer cells witli membranes e.xtended on tlie glass. 
The photograph was taken slightly out of focus since otherwise tlie membranes 
would not be seen. Their edges are crinkled as result of partial retraction induced 
by the strong light. X 400. 

Fig. 2. The separation apparatus readj' for use. 

Plate 41 

Fig. 3. A clump of iron-containing Kupffer cells from the dog, breaking up as 
the cells slowly disperse. Photograph taken after 48 hours incubation in a thin 
plasma clot. X 180. 

Fig. 4. Part of the same culture at a higher magnification. Three pairs of cells 
can be seen, resulting from in vitro division. X 360. 

Fig. 5. A culture of iron-containing rabbit Kupffer cells on lens paper in scrum, 
after 4 da\’S incubation. X 115. 

Fig. 6. Iron-containing, rabbit Kupffer cells climbing a fibre of lens paper in a 
serum culture. Photograph taken through the bottom of the dish. The cells 
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at either end of the fibre lie spread upon the glass. Their membranes cannot be 
seen. X 400. 

Plate 42 

Fig. 7. Dog Kupffer cells living in the field between two horseshoe magnets. 
Many of them have been drawn into the lines of force as is indicated by the linear 
arrangement of the iron thej* contain. Impure culture, containing many blood 
leukocytes; photographed on the 3rd day of incubation. X 135. 

Figs. 8 and 9. Two cells of the same preparation, photographed on the pre- 
vious day. One lies in a line of force, as shown by the linear arrangement of the 
intracellular iron, the other outside this influence. The}' are in equally good 
condition. X 1100. 
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Methods whereby the large phagocytes of the liver sinuses can be 
procured and propagated outside the body have been described in an 
accompanying paper (1). The present communication deals with 
their identification as Rupffer cells, their morphology and general 
characteristics. Their physiological potentialities imder the condi- 
tions of life in vitro will be dealt with later. 

The Kinds of Cells Washed from the Liver 

The method of washing out the cells has already been described. 
The first Tyrode solution put through a normal liver at low pressure 
(10 cm. Tyrode) removes only the blood. The erythrocytes come 
away far more readily than the leukocytes. Even long washing, with 
pressure gradually raised to 105 cm., does not remove all of the latter, 
sections of the washed liver showing an occasional polymorphonuclear 
cell in the sinuses and not infrequent lymphocytes and monocytes. 
It has seemed possible that these leukocytes might have settled out of a 
slowed blood stream, though the method of cannulation involved no 
interruption of the hepatic circulation; but they are found even when 
the washing is done under pressure, through a large trochar thrust 
into the portal vein while the circulation is intact. The possibility 
of a settling out of cells is still not e,xcluded, since the blood current 
may have slowed as a result of the etherization. However this mav be, 
there is no doubt that the washings from the normal liver contain far 
more leukocytes than can be accounted for by the blood content of the 
organ at any one moment; and during infections or after the injection 
of nucleic acid immense numbers of them can be flushed from the 
hepatic sinuses. The washings from a 6.25 kg. dog with pneumonia 
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yielded several cubic centimeters on centrifugation. The findings 
support the old assumption that the leukocytes may dally on occasion 
in some of the abdominal viscera, thus affecting counts made on the 
peripheral blood; and they corroborate the histological observations of 
numerous authors who' have reported that lymphocytes and mono- 
cytes are normally present in considerable numbers in the liver sinuses. 
No evidence has been found, however, that the organ serves as a grave- 
yard for white cells. Those washed out have regularly proved to be 
in excellent condition, when studied in the warm box. 

Flushing the liver at 30 cm. to 105 cm. pressure straightway after 
the blood has been removed brings out not only leukocytes in progres- 
sively lessening numbers but a multitude of globular, colorless, slightly 
retractile bodies of various sizes. These have many of the characters 
of red cells, being laked by water, bile, and other hemolysins, notably 
serum hemolysins when complement is present. They show a retic- 
ulum with cresyl blue, are agglutinated by specific agglutinins, and 
leave shadows when laked. Yet, as a previous paper has shown (2), 
they are products of the liver parenchyma extruded during the first 
minutes of perfusion. 

In most cases these bodies and a greater or less number of leukocytes 
and platelets are the only yield of the late washings from the normal 
liver. Veiy occasionally though one encounters a spherical element 
30 to 40 mm. in diameter which flattens on contact with a glass surface 
and puts out a great circular membrane. The washings from animals 
injected with India ink or ferromagnetic iron oxide several days pre- 
viously yield such cells in enormous numbers, each now containing 
the particulate matter (Fig. 1). They differ greatly from the blood 
cells, and it is plain that they are inhabitants of the liver sinuses. 

Numerous experiments were done to find the conditions which 
would give the most abundant yield of the large cells. These have 
shown that not only the number but the kind of phagocytes varies 
with the interval elapsing between the last injection of particles and 
the washing out. When only 1 day has elapsed polymorphonuclear 
leukocytes containing several small particles are fairly frequent, and 
there arc considerable numbers of typical monocytes that have 
phagocyted particles, in addition to the peculiar cells above men- 
tioned. The sinus cells, as we may call these latter, are much bigger 
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than the blood elements, nearly always contain numerous particles, 
and frequently are so crammed with them as to be greatly enlarged. 
In washings procured 3 to 5 days after the last injection the polymor- 
phonudear phagocytes have disappeared and there are fewer of the 
monocytic type. This is the period at which the large sinus cells are 
most abundant. Washings obtained 2 to 3 weeks after the last in- 
jection of partides contain relatively few sinus cells, but phagocytic 
monoc3rtes are more infrequent still, their proportion as compared 
with that of sinus cells being much reduced. Sections of the liver 
at this time show most of the phagocytes gathered into large dumps 
here and there, with fusion and giant cell formation in pockets in the 
liver parenchyma. On backward washing through the hepatic vein 
to the portal an occasional giant cell comes away; but most are so 
large and so well ensconced as not to be dislodged. Sometimes a giant 
cell comes away so large that it can readily be seen with the imaided 
eye. One haAung a diameter of 540 fi was washed out of the liver of a 
dog repeatedly injected with iron oxide; and cells measuring 200 to 
300 n are procured with relative frequency (Fig, 2). That they are 
living is shovm by their prompt segregation of neutral red into the 
numerous vacuoles; and they survive in cultures. 

Even forcible washing and massage bring out only a small propor- 
tion of the phagocj^ic sinus cells from the liver, — ^which remains black 
or rusty brown, according as it contains ink or iron oxide. Inspection 
under the microscope of scrapings of the cut surface shows numerous 
large phagocytes scattered within the tissue fragments, many of them 
with processes that e.xtend into crannies between the parenchymal 
cells. In stained sections the sinuses appear swept dean save for 
these securely fastened phagocj-tes and the endothelium proper. The 
loosely attached Kupffer cells have been swept out practically en 
viassc, a fact the more eddent when the section is compared with one 
from a piece of the same liver snared o5 before washing was begun. 
Search shows, however, both monocj-tes and Ij-mphocj-tes in and 
about the sinuses. A little ink or iron is present here and there 
within the sinus endothelium. 
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- - Characters of the Dislodged Kupfer Cells 

The sinus cells have been studied in deep preparations made by- 
putting a fe-w drops of the -washings within a ring of vaseline on a slide 
coated with dry neutral red in the usual way (3). The cover-glass 
is put on slantingly to expel the air from within the ring and the prep- 
aration seals itself with the vaseline. It is then turned upside down 
in a warm box surrounding the microscope and, supported at its ends, 
is left undisturbed for about 20 minutes. During this period the 
phagocytes settle to the cover-slip where the greater proportion be- 
come attached. When the slide is turned right side up most of the 
other elements and the debris fall away, and the adherent cells can be 
studied through an oil immersion lens, without any complicating 
pressure upon them. That they are in the main Kupffer cells is 
certain not only from their morphology but from the fact that these 
have been largely swept from the liver. At the period when they are 
most abundant in the washings they are so easily dislodged as to come 
away in considerable number with the blood of the first washing. 
Those then obtained are mostly smaller than the ones got later at 
higher pressures, but they are practically all alive, segregating neutral 
red promptly. The li-vdng Kupffer cells are spherical or ovoid when 
in suspension, whereas dead ones may be shaped like blunt casts or 
cigars, or be star-shaped, or flattened, or show twig-like projections, 
sometimes combined with forking so that they resemble elk horns. 
Frequently they are like fused spherules of several different sizes, the 
projecting portions of each spherule consisting of clear cytoplasm. 
In all these dead cells the outline of the nucleus is sharp cut; and they 
fail to segregate neutral red though the nucleus stains readily with 
trypan blue. Some have ragged protoplasmic processes as if they had 
been forcibly torn from the capillary wall; and that this actually 
happens, with death in consequence before the cell has had time to 
change shape, has been shown by counts of the living and dead ele- 
ments in specimens of the successive washings at higher and higher 
pressures. In the final washings at 105 cm. pressure nearly all of the 
Kupffer cells have bizarre shapes and are dead, and many of them show 
shredding. Washing at 30 cm., immediately after the blood removal, 
has proved most favorable in yield both for numbers and for propor- 
tion of living cells. 
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The morphology of the Kupffer cells is the same whether they have 
been washed out with Tyrode or with pooled homologous serum; and 
those of the rabbit and the dog have the same general features. Their 
size is largely conditional on how much particulate matter they con- 
tain. Those having little are from 30 fi to ‘iO n across when spherical, 
whereas those crammed with particles may be 100 it in diameter. 
Very occasionally one is seen with no particles, as rarely indeed as 
in the washings from normal livers. The cells that have taken up 
little or no material show a granular cytoplasm in which lie nucleus, 
vacuoles, and particulate matter, surroimded by a thick layer of 
transparent cytoplasm. The two sorts of c}i;oplasm grade into each 
other in the case of rabbit phagocytes, whereas in those of the dog the 
clear outer layer is as sharply demarcated as the rind of an orange. 
If the cells die while in the spherical form the granular cytoplasm often 
comes to lie at one side like a crescent moon, with the “old moon” of 
clear cytoplasm in its arms (Fig. 1). The nucleus is in the middle of 
the crescent, with the ink or iron particles to either side. Under such 
circumstances one sees that the proportion of transparent cj-toplasm 
is great. 

Within a few minutes after living Kupffer cells containing a moder- 
ate number of particles have settled on a glass surface at room or body 
temperature a zone of clear cytoplasm is seen to be extending out 
around some of them (Figs. 1 and 3) and they slowly flatten, the gran- 
ular cytoplasm jdelding last. Soon this lies in the midst of a great 
circular sheet of pellucid, glassy, apparently structureless material 
(Fig. 1, and Fig. 1 of the accompanj-ing paper). None of the pictures 
that we have been able to obtain of this membrane gives a just idea 
of its proportions, or of its smoothly cur\nng, circular outline. Always 
it has been retracted partially and irregularly as result of the stimulus 
of light. During the outward extension of the membrane, lava-like 
flows can be seen on its surface, when the light is cut down, and at its 
edges fimbriated or “petaloid” extrusions, at times appearing whip-like, 
which arc in constant slow motion. Their edges can easily be mistaken 
for flagella if resolution with the microscope is poor. Thev are still 
present and active after the membrane has been completeK' extended. 
It then appears almost pcrfcctlj- round, the slightly raised central 
hummock of granular material at its center making up onN one-fourth 



598 


CHARACTERS OP KUPEFER CELLS. IN VITRO 


to one-tliird the entire diameter of the cell. This ma};- amount to 
150 Ai or more, but usually from 40 utoSO n with an average of about 
60 fi. Before the granular portion of the cell has flattened it looks, 
under the low power, like a black or brown specked marble in the center 
of a dear disc of glass, — the specks being the phagocyted material and 
the disc the membrane. The greater the amount of material that 
has been phagocyted the less proportionately is the amount of mem- 
brane. Its retractility is so slight that pictures of it are difficult to 
obtain. In homologous serum it can scarcely be seen. 

Cells that have crammed themselves with particles are more fre- 
quently dead when washed out. Only a tliin, pellucid skim of cyto- 
plasm can be seen when they are in suspension; but living ones 
soon flatten out after they have settled on a glass surface, and 
then one sees that they have the same general characters as tlie others, 
but only a narrow outer zone of clear cytoplasm. They segregate 
neutral red promptly, showing that tlieir immense burden of foreign 
matter has not '‘blocked” them, in this respect at least. 

The nucleus of the Kupffer cell islarge, oval, and eccentric, its vac- 
uoles of highly various size up to that of an erythrocyte, scattered ir- 
regularly through the granular cytoplasm (Fig. 3) . The cells promptly 
segregate neutral red in supravital preparations, then vaiydng in color 
from reddish orange to a slightly crimson red. Some of them contain 
small phagocyted partides, but most of these lie separate in the cyto- 
plasm, which occasionally contains leukocytes or red cells. 

It wall be seen that the general characters of the Kupffer cells place 
them wdth the dasmatoc 3 '-tes. They have an evident relation to the 
giant cells encountered wdth them. In fixed smears in serum, wffiich 
have been colored wdth Wright’s stain, one sees that both have a light 
blue cytoplasm and their nuclei a darker reticulation; but the nucleus 
of the Kupffer cell is oval and relatively dense wffiereas those of tlie 
giant cell are spherical and mudi larger, with an open network so 
that tlie}’’ appear spong}'. The giant cells contain relativel}^ little 
particulate matter. One can recognize potential ones by these fea- 
tures w'hile tliC}’- arc still mononuclear (Fig. 4), and can find all 
gradations beUvecn them and Kupffer cells on the one hand and 
immense multinucleate elements on the other (Fig. 2). 

In washings obtained from the liver at the time when tlie j’ield of 
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Kupffer cells is greatest, some are found in process of division. Paired 
cells joined by a flat face across a region of constriction are fairly 
frequent, and there are occasional tetrads and even larger masses. 
The cells of any sucb pair or group are of about the same size and 
contain about the same amount of particiflate matter, as is not usually 
the case with individuals that have acddentally stuck to each other. 
We have several times observed paired cells lying with i n a single 
membrane, and in cultures have noted division by fission within a 
membrane which as yet appeared homogeneous. The great variation 
in size and particle content of the individual Kupffer cells is doubtless 
referable to their relative opportunity for phagocytosis and to the 
vicissitudes of proliferation. 

Comparison imth the Phagocytic Monocytes from the Liver 

The discrimination of Kupffer cells from the phagocytic monocytes 
present with them in greater or less number in liver washings is ordi- 
narily easy, the monocytes having the characteristic indented or saddle 
nucleus and many little granules of even size located in a central “Hof” 
all taking the same color with neutral red. They are much the smaller 
cells, their diameter in the dog averaging only about one-third that 
of the Kupffer cells when both are in spherical form. In the rabbit 
this difference is less marked. Practically all of the Kupffer cells 
contain phagocyted particles whereas most of the monocjdes have 
none, and the generality of the phagocj’tic ones but little, which is true 
as well of those found in exudates and in scrapings of the spleen. On 
the other hand they are far more actively motile than the Kupffer 
cells. They put forth a relatively small, circular membrane, and 
nearly all possess mitochondria staining with Janus green, few being 
found in the Kupffer cells. 

A statistical listing of the features of the individual mononuclear 
phagoc}les encountered in neutral red preparations from liver wash- 
ings has disclosed rare intermediate elements ha\'ing some of the char- 
acters of the monocj'te and others of the Kupffer cell (clasmatocj'te). 
The latter is known to be a specialized derivative of the endothelium 
of the lb er sinuses, all stages in its differentiation being seen in fixed 
preparations of the hepatic tissue. Hence the question has arisen of 
whether some of the monocj-tes at least may not represent transition 
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forms from the endothelial syncytium. The evidence would appear 
to negate this possibility. The number of “transition forms” is never 
considerable, being no greater than in exudates containing botli clas- 
matocytes and monocytes. The longer the liver is washed tlie greater 
is the preponderance of Kupifer cells over monocytes amongst the 
elements coming away. The change should be in the opposite direc- 
tion if the monocytes represented early stages of differentiation from 
the endothelium, since they should be more difficult to dislodge than 
the Kupffer cells which are more or less sessile upon it. Portions of the 
endothelial syncytium as such never appear in the washings. Frag- 
ments of the well-washed liver, examined in some cases after enough 
digestion with weak trypsin to dislodge the phagocytes without killing 
them, have been found to yield many tliat are of clasmatocjdic type, 
few that are monocytic, and no transition forms. The occasional 
monocyte much larger than those of the blood, rivalling the Kupffer 
cell in diameter, has always a large content of phagocyted matter, thus 
accounting for its size. 

Many authors have described monocytic accumulations in and 
about the liver sinuses of animals injected with bacteria, foreign pro- 
teins, and other material. The considerable literature has been re- 
cently reviewed by Swift (4). De Haan and Hoekstra (5) injected, 
into a mesenteric vein of rabbits, monocytes derived from peritoneal 
exudates and marked by a content of trypan blue. They found 
some of these cells later, living along the liver sinuses; and in con- 
sequence they advanced the view that the Kupffer cells are merel}'’ 
a monocytic colony derived from the blood. Our findings render this 
view untenable. The Kupffer cell, as washed from the liver, has the 
typical characters of a clasmatocyte, and is far larger tlian any blood 
cell. 

Comparison of Kupfcr Cells ivitli Other Rclicnlo-EndothcUal Elements 

The Kupffer cell is generally supposed to be essentially identical 
in its characters and functions with the clasmatocytes present in other 
organs, notably spleen and bone marrow. Some authorities go so far 
as to suppose that it may be merely a migrant from the spleen. We 
have found that the yield of Kupffer cells is not less than usual when 
rabbits have been splenectomizcd prior to the injections of ink or 
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iron;i wMle furthermore the cells have morphological features that 
distinguish them from splenic dasmatocytes. The cells obtained by 
scraping the splenic pulp of rabbits several times injected with India 
ink or with alien red cells have been studied both in Tyrode and in 
serum, by the inversion technic. Cunningham, Sabin, and Doan (6) 
encountered two types of phagocytes in splenic scrapings, the one 
monocydic and only about 15 in diameter, the other obviously das- 
matocjdic and sometimes measuring 30 n. These latter are as large 
as some Kupffer cells; but we find that in the warm box they put forth a 
membrane on one side only, a broad, irregular tongue of cytoplasm 
like ground glass, never having an area larger than that of the granular, 
vacuolated portion of the cell. Injections of ink and of ferromagnetic 
iron oxide into the peritoneal ca\’ity of rabbits results in e.xudates con- 
taining many clasmatocydes which put forth a membrane similar to 
but in general smaller than that of the Kupffer cells. Sabin, Doan, 
and Cunningham in their detailed description of the dasmatocyte of 
peritoneal e-xudates in the rabbit (7) make no mention of any such 
e.xtensive membrane as that of the Kupffer cell. 

PecuUarilies of the Kupffer Cell 

Except for the immense circular membrane, no feature of the Kupf- 
fer cell is more striking than its stickiness, — which is equally remark- 
able whether the enveloping medium is serum or Tyrode solution. It 
has much interfered with the study^ of the cells in vitro. WTiatever 
touches their surface tends to adhere, whether it be red or white cells 
or “bodies” that are floating by; and hence in selecting them from the 
washings with the magnet some of these elements are inerdtably in- 
cluded in the collection. If the liver drculation is interrupted for a 
few minutes prior to the washing out, many of the Kupffer cells coming 

' The production of hemochromatosis in rabbits by daily transfusions of rabbit 
blood over long periods of time results not only in the characteristic pigmentation 
of the liver parcnch>-ma with hemosiderin but in pigmentation of the splenic 
dasmatocytes and Kupffer cells as well (Rous, Pe\-ton, and Oliver, J., /. Exp. Med., 
1918, 28, 629). In order to le.am whether the latter had perhaps migrated from 
the spleen this organ was removed from a number of rabbits prior to the trans- 
fusion period. When they were cjcamincd, after 3 to 6 months of transfusions, 
the same liver findings were obtained as in animals still possessing the spleen. 
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away will be covered with leukocytes which cannot be dislodged. 
When they contain ink or iron they sediment rapidly out of suspension 
and they soon become fixed so firmly on the bottom of the container 
that a considerable proportion resist even a forcible jet of Tyrode. 
Always some loss occurs from this cause on the sides of tlie taper flask 
during selection with the magnet, even though the suspension is fre- 
quently agitated; and there is a more considerable loss on tlie collo- 
dion membrane to which the ceils are attracted. Centrifuging at the 
lowest speed that will bring tliem down in a few minutes in a flat- 
bottomed tube results in a lumping together that can be only par- 
tially broken up by vigorous pipetting; and despite it a thick skim of 
cells regularly remains on the glass. In slide and cover-glass prepa- 
rations one frequently sees erythrocytes or leukocytes which had 
appeared merely to touch the extended membrane of a Kupffer cell, 
dragged across the field with this membrane when it retracts. A sticky 
surface is evidently one of the special cliaracters enabling the cell to- 
perform its task of phagocytosis. The stickiness of leukocytes from 
the blood and from exudates, — ^^vith both of which we have had mucli 
experience, — is in comparison negligible. 

Kupffer cells are notably sensitive to injury, as evidenced by the 
number that die -wnthin a few minutes after they have been washed 
from the liver. Most of those procured from the rabbit survive only 
4 or 5 hours in Tyrode at room temperature. They are rapidly killed 
by the slight alkalinity which develops in this fluid on storage in the 
ice box; and its reaction must be brought to pH 7.2-7 .4 by bubbling 
CO 2 through it prior to flushing out tlie liver if the cells are to survive 
during the 2 to 3 hours required for selection with the magnet. Wien 
they are transferred immediately afterwards to serum in a culture 
flask many lie as if dead for a day or more before putting forth a 
membrane and beginning to move about. Kupffer cells of the dog are 
relatively resistant, many surviving for 24 hours in Tyrode at 4°C. 
and a few even for 48 hours, at whicli time, however, most of the mono- 
cytes and polymorphonuclears associated with them are still in cx- 
cellent state. 
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The Ktipfer Cells in Cultures 

On a priori grounds it had been feared that most if not all of the 
Kupffer cells coming away in the washings would be over-mature or 
else rendered incapable by their content of foreign matter, with result 
that they would not long survive in cultures. This has not proved to 
be the case, though it is true that cells which have taken up coarse 
lumps from a poorly-ground preparation of iron oxide die very soon. 
Those that have taken up the material as fine particles flourish under 
proper in vitro conditions and proliferate, sharing said particles almost 
equally, with result that the individual cells soon come to contain but 
few. 

The iron particles turn black when the cells die in vitro, but while 
these are doing well they remain yellowish brown, persisting without 
apparent change. By their appearance and response to the magnet 
they have been recognized within Kupffer cells washed from the liver 
19 months after the injection into the blood stream, as stated in the 
paper on method (1). 

On first removal to cultures in plasma or serum most of the Kupffer 
cells are still aggregated in coarse lumps which have resisted pipetting. 
These usually remain as such for a day or more and then the individ- 
uals composing them disengage themselves and move slowly away 
(Fig. 3 of the accompanying paper). The first step showing that the 
cell is alive is the extrusion of the characteristic large, clear, drciflar 
membrane. This happens only on a surface. The cell may remain 
where it is or begin to creep about veiy^ slowly, hours of obser\'ation 
being often required to discern a change in position. The petaloid 
edge of the membrane, though, is in constant, rather quick, wav}^ 
motion, with “lava flows” over its surface and slight, gradual with- 
drawals and re-extrusions. In even the thinnest plasma clot the cells 
arc greatly hampered and move but little in the course of days, lea\’mg 
in some cases a clear track behind them, doubtless of digested fibrin 
web. men mo\-ing they frequently elongate, becoming slug-shaped. 
They progress only along the glass, never penetrating into the over 
lying plasma layer, ^^^len they are about to didde the particles of 
iron become massed in approximately equal quantity on opposite 
sides of the cell, and occasionally arc ranged in two roughly parallel 
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lines as if they were intrinsic elements. As soon as division has oc- 
curred the cells move apart. It is possible to maintain them for a few 
days within a thin layer of clot overlaid by serum, if it is frequently 
washed with Tyrode and the serum changed; but they tend to die off 
in a week or two, despite some initial multiplication, even when pro- 
teolytic products are furnished of the sort on which Baker has shovTi 
(8) that chicken monocytes thrive. 

When transferred in serum to Carrel dishes containing lens paper the 
cells distribute themselves upon this, as alread}’- described, and cling 
so firmly that the serum can be pipetted off and replaced daily with 
but slight loss, more than compensated for by proliferation. A few 
of the cells coming awaj’- at the daily replacement are dead; but with 
neutral red most are found to be in good condition, an incidental 
wastage. When tlie cultures are crowded and the cells contain much 
iron or ink, some secondary formation of giant cells may take place; 
but the general tendency of the Kupffer cells is to scatter and live 
apart (Fig. 5 of the accompanying paper) . This tendency is curiously 
instanced when they mount from the bottom of the dish along a 
fibre of lens paper. They then space themselves on the fibre at almost 
regular intervals, with no clustering back of an obstruction or clam- 
bering over one another (Fig. 6 of the accompanying paper). Yet 
despite what would appear to be a negative chemotaxis as concerns 
one another, the cells do poorl}’- and soon die off when wdely separated, 
like those of the other kinds thus far cultivated. Efforts to prevent 
this by regulating the pH with a mixture of nitrogen, o.xygen, and 
carbon dioxide have proved unavailing. 

When living on strands of lens paper, the Kupffer cells lie with mem- 
brane spread, and the edges of its glassy expanse can be discerned only 
imperfectly (Fig. 6). It thickens somewhat toward the center and 
here the granular cytoplasm containing nucleus, vacuole, and partic- 
ulate matter projects as a mound or lump or more or less tangential 
sphere (Figs. 5 and 6). The cells appear stationar}’- but prolonged 
observ^ation shows that the}’- move slowly along the fibre. \Y\icn this 
is veiy- slender they may wrap themselves about it, tlien appearing 
spindle-shaped. Only occasionally is a cell found to be connected 
by a protoplasmic process with a neighboring fibre (Figs. 7 and 8). 
These facts, the difficulty of dislodging normal Kupffer cells from the 
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liver, their tendency to spread like pancakes without extrusion of 
pseudopods worthy the name, all lead one to doubt the current view 
that many of .them normally lie athwart the blood current, moored 
to the sinus walls by slender protoplasmic processes. This view is 
based on fixed, and perhaps distorted, histological preparations. 

In every magnet collection of Kupffer cells some monocytic cIct 
ments containing iron are to be foimd as well. Phagocytes of this 
sort generally contain but little and in consequence most of them 
escape the magnet, the proportion being much reduced from that pres- 
ent in the washings: sometimes almost none reach the cultures with 
the Kupffer cells, and again they contribute one-fourth to one-fifth 
of the cell population. The}’’ survive as such during the first da3's of 
life in vitro and can be readily recognized. Their ultimate fate is not 
known. A single cell type, the result of repeated division, is found in 
cultures that have been propagated for a week. This ceU type con- 
tains little or no iron, — for the particles have been shared by the 
multiplying elements; it is not quite so large as the “adult” Kupffer 
cell, though possessed of a similar membrane and nucleus; and the 
granules are smaller and not so various as in this latter, though they 
are still of unequal size. In other words the general characters of the 
clasmatoc^'te have been retained, though they are not as pronounced 
as in the original Kupffer cell. We have in general discarded the 
cultures before they have reached this stage. 

The iron-containing giant cells which come over into the cultures on 
lens paper live to all appearance unchanged (Fig. 9). They tend to 
fix themselves where many fibres touch one another, spreading out 
irregularly in various directions; but not infrequentljr thej’- change 
place, gliding along a fibre, which they envelope, as if it were a wire. 
WTien on the bottom of the dish, giant cells containing little iron put 
out a membrane even larger than that of a Kupffer cell; but those 
stuffed with the foreign material have no more than enough pellucid 
cytoplasm to cover the great mass of granular c^’toplasm with a thin 
coat. Such crammed cells remain roughly spherical while fixed on a 
fibre. 
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■ ' SUMMARY • . 

The kupffer cells procured from the liver of the rabbit and dog for 
culture in vitro have the typical characters of clasmatocytes. They are 
readily discriminated from the monocytes washed from the liver with 
them; and they have certain peculiar features which suffice to differen- 
tiate them from some at least of the clasmatocytes of other organs. 
Their surface is extraordinarily sticky, — ^far more so than that of blood 
leukocytes or of the clasmatocytes found in peritoneal exudates; and 
in consequence they are exceedingly difficult to handle in vitro. They 
put forth enormous, pellucid, circular membranes resembling those 
of exudate clasmatocytes but larger. Splenic clasmatocytes, on the 
other hand, put forth rather small, one-sided ground-glass membranes 
like broad tongues. On comparing them with Kupffer cells and exu- 
date clasmatocytes one perceives tliat they are not wholly identical 
in their characters, but have secondary peculiarities. However, 
there exist good morphological reasons for grouping tliem together 
and terming them all reticulo-endothelial. 

Kupffer cells are notably sensitive to injury, surviving in Tyrode 
solution for a much shorter time tlian blood leukocytes. However, 
they can be readily cultured on lens paper in serum. Under such 
circumstances they scatter on the fibres and live separately, presenting 
the same general aspect as when in the liver; but in the course of 
proliferation they soon lose some of their pronounced characters, re- 
taining such as are common to clasmatocytes in general. 

A considerable population of ordinary leukocytes exists in the hepa- 
tic sinuses over and above those circulating in tlie blood. During 
infection, their number may greatly increase. Several cubic centi- 
meters of packed white cells have been obtained from the liver of a 
sick dog. The fact has been realized that leukocytes may stop a 
while in the liver, yet the extent of the accumulation which some- 
times takes place seems deserving of stress. 
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EXPLANATION OF PLATES 
PlATE 43 

Fig. 1. Washing from the liver of a rabbit injected intravenously with India 
ink repeatedly: fresh slide and cover-glass preparation. Two Kupffer cells are 
putting forth membranes along the sUde surface, but these have retracted irregu- 
larly as result of the strong light. A third Rupffer ceU is dead. The ink in it 
lies in a crescent at one side of an “old moon” of pellucid cvdoplasm. The nucleus 
is midwa}’ in the crescent. X 350. 

Fig. 2. Giant cell washed from the liver of a rabbit repeatedly transfused with 
incompatible rabbit’s er>'throc>’tes and injected intravenously with India ink 
shortly before the washing. The many large, rounded nuclei lie scattered in a 
granular cj'toplasm containing ink, red cell debris, and phagocj-ted white cells. 
Wright’s stain. X 650. 

Fig. 3. Rabbit Rupffer cell containing ink particles, and stained with neutral 
red; slide and cover-glass preparation of fresh liver washings. The black particles 
are the ink, the gray spots dye-stained vacuoles. The membrane is as yet only 
half e.vtended. To render it ^’isible the photograph has been taken with the h’ght 
coming from one side. The ceU is of great size as compared with the Ij-mphocj'te 
and red cells associated with it in the washings. X 1000. 

Fig. 4. Another portion of the material furnishing Fig. 2, colored with Wright’s 
stain to show a mononuclear giant ceU. The nucleus of this ceU is large, circular, 
and spong>- in appearance, and it has taken up but little ink. The arrow points 
to the or-al, dark nucleus of a neighboring Rupffer cell so loaded with ink particles 
that it ruptured when the preparation was made. X 950. 

Pl.\te 44 

Fig. 5. Side\-iewof an iron-containing dog Rupffer ccU fixed on alens paper fibre; 
3rd day of culture. The resemblance is complete to ccUs of the same sort as seen 
on the walls of liver sinuses in stained sections of the organ. X 270. 

Fig. 6. Dog Rupffer cells li\-ing on lens paper. The arrow points to the edge of 
a cell membrane. The dark particles are intiaceUular iron oxide. X 400. 

Fig. 7. Dog Rupffer cell firing on lens paper, with a process attached to a 
neighboring fibre. X 400. 

Fig. 8. .Another cell with such a process, as also some cells projecting into the 
scrum like hemispheres. The dark panicles are intraccUular iron oxide. X 400. 
Fig. 9. Iron-containing giant ceU from a dog fiver; 4lh day of culture. X 400. 
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EXPERIMENTAL TYPE m PNEUAIOCOCCUS PNEUMONIA 

IN MONKEYS 

I. Production and Clinical Course 
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Blake and Cecil (1) were the first investigators who regularly produced erperi- 
mentaUobar pneumonia in monkeys. Macacus syrichtus was used in the majoritj' 
of experiments, while Cehus capucimis and M. rhesus were found to be less satis- 
factory. In most instances, Tj-pe I Pneumococcus was employed; in the three 
cases in which pneumonia was produced by the inoculation of Tj-pe HI Pneumo- 
coccus, spontaneous recover}' occurred. Schobl and Sellards (2) obtained similar 
resxilts with T}-pe I Pneumococcus in the same spedes of animal. Stuppy, Falk, 
and Jacobson (3) attempted to produce pneumonia with T}'pe I Pneumococcus 
in monkeys of the rhesus and C. capucinus spedes, but found animals of these 
spedes to be resistant to infection, and the authors therefore considered them 
unsuitable for such an experimental study. 

The present study was begun as an effort to induce experimental 
lobar pneumonia with Type III Pneumococcus in monkeys. Dubos 
and Avery (4) described, in 1931, an en 2 yme of bacterial origin which 
possessed the capacity of decomposing the type-specific capsular 
polysaccharide of Type III Pneumococcus iti vilro. The enzyme was 
shown, in addition, to have a distinct therapeutic action upon Tj-pe 
III pneumococcus infections in mice and rabbits (5-7). Conse- 
quently, it was thought that if experimental Tj'pe EU pneumococcus 
pneumonia could be successfully produced in monkeys, a study of the 
effect of specific enz^-me in the therapy of this infection could be made. 
The scope of this paper, however, is limited to the production of 
c.xpcrimcntal pneumonia with Tj-pe III Pneumococcus in monkeys. 

Materials and Methods 

/. Rxpcrirr.er.tal Animal. The Ja\Ti monkey (M. cynorr.cl^os) was used 
throughout the study. In several tovs the choice was fortunate, for aniirwls 
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cemia, recovery invariably resulted. It can readily be seen, bowe\er, 
that in the presence of septicemia the mortality rate rises progressively 
as the number of organisms in the circulating blood increases. In 
Chart 1 are shown the height of septicemia in the first 3 days after 

Untceated 
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Number Oj lobes involved 

©•Recovery 

•-heath 

Chart 1. The relation of the height of septicemia and the amount of pul- 
monar>- involvement to the outcome of the disease. 

infection and the number of pulmonarv’ lobes involved during the 
disease in relation to the outcome of the disease. In the majoritv 
of animals which recovered, one or part of one lobe was involved, 
and in only one instance were three lobes affected. In all but one 
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Experimental Type III Pneumococcus Pneumonia in Monkeys 
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of the fatal cases with mild (1—250 colonies per cc.) septicemia, three 
or more lobes were involved. But with the higher degrees of sep- 
ticemia, death frequently occurred when only one or two lobes were 
involved. In the latter animals, death occurred comparatively early 
in the disease, before sufficient time had elapsed for further spread 
to occur. The details of the disease in different groups of animals 
are given below. 

Group A . Lobar Pneumonia ’mithout Septicemia 

In this group are included 20 monkeys, all of which recovered. 

The weights varied from 950 gm. to 2200 gm., with an average of 1850 gm. 
The amount of culture varied from 0.1 cc. to 1.0 cc., with an average dose of 0.42 
cc. In 15 animals, only one, or part of one lobe, w'as involved. The average 
time of recover}'^ was 4.3 days after infection. In those with onl}' one lobe in- 
volved, recover}' took place on an average of 3.4 days after infection, while in the 
others the duration of tlie disease averaged 6.4 days. Among the latter, there 
were 2 cases in which relapses occurred, but with ultimate recovery on the 8th 
and 12th days respectively. In the entire group, there w'as a tendency, as shown 
by roentgenograms, for a lesion which was w'ell localized on the 1st day, to e.\tend 
on the 2nd day, and to show' evidence of beginning resolution on the 3rd day. 
The white blood cell count tended to increase on the day after infection, and to 
remain at a relatively high level throughout the course of the disease. 

The charts and protocols of cases illustrative of this group are 
presented. 

Monkey 1-16 (Chart 2) represents an e.xample of pneumonia without septi- 
cemia, in which the disease w’as of brief duration. The temperature fell by crisis 
on the 2nd day after infection, and resolution w'as evident in the roentgenogram 
taken on the 3rd day. 

Monkey 8-9 (Chart 3) is another instance of pneumonia without septicemia. 
The pulmonar}' involvement spread through the right upper lobe and right middle 
lobe during tlie first 4 days, after which resolution began, and recov'er}’ apparently 
took place on the 6th day. The following day the temperature rose again and a 
new' pneumonic process was noted in the right lower lobe. Extension occurred 
during the next 3 days, although there was no demonstrable septicemia, and 
leukocytosis persisted. Recover}- finally occurred on the 12th day. 
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Chart 2. Experimental pneumonia showing an abortive course. 

Lobar Pneumonia loith Septicemia 

Since the height of the septicemia accompanjing e.vperimental 
pneumonia in monkeys appears to bear a relation to the outcome of 
the disease, the remainder of the cases have been subdivided on the 
basis of the number of pneumococci in the circulating blood during 
the first 3 days after infection: 1 to 250 colonies per 1 cc. of blood- 
mild to moderate septicemia; 250 to 2000 colonies per cc.— heavy 
septicemia; 2000 colonies or more per cc. — e.vtreme septicemia. 


Group B. Lobar Pneumonia 'd-itft Septicemia 
{1-250 Colonics per Cc.) 

This group comprises 20 monkeys. Of these, 11 recovered and 9 
died, a mortality of 45 per cent. 
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Chart 3. Experimental pneumonia with a relapse and prolonged 
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There is one case in which enumeration of colonies was not made, but which 
is included because the course of the disease is tj-pical of that occurring in this 
group, and another case in which, although no estimates of the height of septi- 
cemia were made during life, the blood culture made post mortem contained 140 
colonies of pneumococci per 1 cc. of blood. The average weight of the animals 
of this series was 1923 gm., the average dose of pneumococci employed was 0.68 
cc., while the range of dosage in both the recovered and fatal cases was from 0.3 cc. 
to 1.0 cc. 

Of the 11 recovered cases, only 3 had involvement of two lobes, while in the 
others there was only one lobe or part of one lobe involved. The average duration 
of the disease was 4.5 days. There was a tendency for the lesion to spread during 
the first 3 days. In recovered cases, the white blood count generallj' reached its 
lowest level at the time when the number of bacteria in the blood and the extent 
of the pulmonary’ involvement were greatest A subsequent rise of the white 
blood cell count occurred during recovery. 

In one of the 9 fatal cases, there was involvement of two lobes, in the other 
8 fatal cases of three or more lobes. The average time of death was 5.4 days after 
infection. In 4 of these cases. Pneumococcus III was obtained from the pericardial 
fluid at autopsy, and in 3 empyema was found. In the 4 instances in which white 
blood counts are arailable, there was a decrease in the number of drcidating leuko- 
cytes as the pneumonic process spread. 

The charts of typical cases of this group are shown. 

Monkey 4-5 (Chart 4) represents a case of pneumonia which recovered by 
crisis on the 5th day of the disease; a mild septicemia was present from the 2nd 
to 4th da\'s. No depression of the leukocyte counts occurred. 

Monkey 9-7 (Chart 5) serves as an e.xample of pneumonia with mild septicemia 
from which the animal recovered spontaneously on the 6th to 7th day. Resolu- 
tion of the pneumonic process had commenced before the septicemia had com- 
pletely subsided. The lcukoc>-tes were increased in number throughout the course 
of the disease. 

Monkey 1-6 (Chart 6) represents the tj-pe of case in which a progressively 
spreading pneumonia vith a relatively mild septicemia terminated fatally on the 
5tli day. The animal showed only a slight febrile reaction. Autopsy revealed 
the presence of consolidation of the entire right lower lobe, two-thirds of the right 
middle and right upper lobes, and irregular consolidation of two-thirds of the 
left lower lobe. 

Monkey 9-0 (Chart 7) illustrates the course of the disease in an animal in 
which the pcreistently spreading pneumonia is accompanied by a moderately 
severe septicemia increasing to a terminal, heavy septicemia. There was onlv 
moderate depression of the circulating leukcxytcs. Death resulted on the Sth day. 
On the day of death, a line suggesting pleural cfTusion was noted in the X-ray. 
Consolidation of the entire right lower and middle lobes and of one-half the right 
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Chart 4. Experimental pneumonia with a mild septicemia followed by crisis. 



Chart 5. Experimental pneumonia with a mild septicemia followed ,by 
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Chart 6. Experimental pneumonia with a relatively mild septicemia ter- 


minating fatally. 
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upper lobe was found at autops}'. Fibrinopurulent pleuris)' and pericarditis were 
present. 


Group C. Lobar Pneumonia. w-Uh Septicemia 
(250-2000 Colonics per Cc.) 

The animals included in this group present a more severe form 
of the disease than those of the preceding group. Of 12 animals, 3 
recovered, a mortality of 75 per cent. 

The height of the septicemia in the 3 recovered animals during the first 3 days 
was 700, 468, 366 colonies per 1 cc. of blood, respectively, while in the fatal cases 
the highest was 1812 colonies per 1 cc. The average duration of tire disease in the 
recovered cases was 6 days, in the fatal 4.6 days. The average weight of the 
recovered animals was 2120 gm.; tliat of the animals whicli died was 2280 gm. 
The inoculum of T3^pe III Pneumococcus in recovered animals was 0.2, 2.0, 0.5 cc., 
respectively, with an average of 0.9 cc.; in fatal cases the average was 0.6 cc., 
with a range from 0.05 cc. to 1.0 cc. In 2 of the recovered cases onl)’- one lobe was 
involved, in the otlier, two lobes. In 2 of the fatal cases one lobe was involved, 
2 had two lobes affected, and in 5 tliere was involvement of three or more lobes. 
In 6 of the 9 fatal cases, Pneumococcus III was obtained from pericardial or 
pleural fluid at autopsy. 

Charts illustrating the variations in the course of infection in this 
group are presented. 

Monkej’’ 1-27 (Chart 8) is an instance in whicli recover^' occurred following a 
severe form of the disease. The pneumonia spread during the first 3 days, with 
the septicemia reaching its height (366 colonies per cc.) at that time. On tlie 
4th day resolution began, and the blood was sterile on tlie 5th day. The leukoci'te 
count varied inverselj' with the septicemia. 

Monkey 6-1 (Chart 9) represents the tj'pe of case in which a progressively 
spreading lesion witli increasing septicemia terminated fatall}-' on the 5th day. 
The white blood count fell steadily. At autopsy, complete consolidation of tlie 
right lower and middle lobes and of the left middle lobe was found. 

Monkej' 9-6 (Chart 10) is an example of the course of the disease in an animal 
in which, with a spreading pneumonic lesion, septicemia is absent at first, tlien 
mounts rapid!}’ to a fatal outcome on the Sth day. The leukocytes were main- 
tained at a good level throughout. A pneumothorax, apparently spontaneous, 
occurred on the uninvolved side on the 4th day. The chart also records the 
depressant effect of a preliminar>’ injection of morphine on the temperature of the 
animal. Autopsy revealed a left-sided pneumothorax with partial collapse of the 
lung. On the right side, consolidation was complete in the upper and middle lobes 
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Chart 10. Experimental pneumonia with negative blood culture at first, 
followed by a rapidly mounting septicemia. Note depressant effect of preliminary 
injection of morphine on temperature. 

and present in one-third of the lower lobe. Fibrinopurulent pleurisy was also 
present. Roentgenograms taken during the course of the disease are shown in 
Figs. 7 to 11. 

Group D. Lobar Pnmvionia with Septicemia 
{More than 2000 Colonies per Cc.) 

In this group of 16 monkeys, there were no recoveries. The infec- 
tion in these animals was characterized by the frequent early involve- 
ment of more than one lobe, sometimes diffuse, a rapidly mounting 
septicemia, exhaustion of leukocyte response, and early death. 

The average weight of the animals was 1670 gm.; the average infecting dose 
was 0.79 cc., with a maximum of 1.5 cc. and a minimum of 0.3 cc. In 2 monkeys, 
only one lobe was involved; in 6, two lobes were affected, while in the remaining 
9 animals three or more lobes were involved. In 6 instances, empyema, peri- 
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carditis, or both, were present. The average duration of the disease was 2.8 daj'S. 
In several instances at autopsy, in addition to Type IH Pneumococcus, Gram- 
negative bacteria of the B. coli or B. lactis aerogenes group were found. These 
organisms were considered terminal invaders. It is of interest to note that in 
several instances they were present in the throat cultures of the same animal s 
before infection. 

If.cynoaolgOB No. 2-6 J Weight 1750 gm. "Roate Lt. 



Chart 11. Experimental pneumonia vith severe septicemia the first 3 davs 
of disease. 

The charts of representative cases are presented. 

^ Monkey 2-6 (Chart 11) is an c.xamplc of a consistenUy spreading pneumonia 
v,-ith a septicemia of 52S0 colonies per 1 cc. of blood on the 3rd day. There was a 
progressive depression of the leuko^-tes. The animal was sacrificed when mori- 
bund on the Sth day. Consob'dation of the entire right lung, as well as of the 
lower part of the left lower lobe, rras found. 

Monkey 7-3 (Chart 12) represents the rapidly fatal t>-pe of disease with em- 
pyema and extreme septicemia. In this instance there was almost a complete 
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of the disease. The temperature was elevated during the disease, 
and usually fell with a critical drop at the time of recovery. Invasion 
of the blood by Type III Pneumococcus occurred in 70 per cent of 
the cases. 

The severity of the disease varied with individual animals. Of 20 
monkeys in which pneumonia was unaccompanied by septicemia, all 
recovered, many of them after a brief course during which com- 
paratively little extension of the primary lesion occurred. On the 
other hand, no recoveries occurred in 16 monkeys in which the pul- 
monary infection was associated with extreme septicemia. In these 
instances, subnormal temperature, marked depression of the leuko- 
cytes, and rapidly mounting septicemia were followed by early death; 
at times there was diffuse pulmonary involvement. Empj'ema and 
pericarditis were noted frequentlJ^ 

In the intermediate groups in which pneumonia was accompanied 
by moderate or heavj^ septicemia, the disease ran a more uniform 
course, with a duration of 4.S to 6 days. In animals in which the 
septicemia was moderate (1-250) during the first 3 days, the mortality 
rate was 45 per cent; with heavy septicemia (250-2000) accompanjdng 
pneumonia, the mortality rate reached 75 per cent. 

Although a number of factors are involved, the degree of septicemia 
accompanying the pneumonia appears to be the most useful clinical 
index of the ultimate outcome of the disease in the indmdual case. 
With septicemia, more progressive extension of pneumonia is obser%'ed, 
the depression of leukoc}lic response is more marked, and the general 
illness of the animal is usually more pronounced. In contrast to 
TjTie III pneumococcus pneumonia in man, the septicemia which 
accompanies experimental lobar pneumonia in monkeys is of a higher 
order, and spontaneous recoverj’ may occur after a degree of septi- 
cemia rarely encountered even in fatal cases in man. Nevertlieless, 
in the marked inconstancj- of the clinical picture, experimental 
pneumonia of the monkey resembles Tj-pe III pneumococcus pneu- 
monia in the human being. 

Under the conditions of the present study, it has been impossible 
to predict in advance the probable course of experimentally induced 
pneumonia in the individual monkey. The summarv' of experience 
has been that the greatest variable is the indiNadual resistance of the 
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animal, wMcli is probably the resultant of many interrelated factors. 
Attempts were made, therefore, to analyze the different measurable 
variables and, if possible, to correlate them with the differences ob- 
served in the course and outcome of the disease in different animals. 

The virulence of the particular strain of Type III Pneumococcus 
used throughout these experiments was, so far as could be determined, 
relatively constant. This is shown by the fact that when tested in 
rabbits, after an interval of 9 months, its original virulence for that 
species was unchanged. 

In a number of instances, studies were made of the pneumococcidal 
power of the blood of monkeys before infection, but the results were 
unifonnly negative. Similarly, skin tests with pneumococcus nucleo- 
protein revealed no suggestion of previous sensitization, since the 
tests elicited no reaction in the normal animals. These observations 
afforded no evidence of preceding immunization such as has been 
emphasized by Wadsworth (9) and Stillman (10). 

A survey of the original white bood counts, the counts done on the 
1st day after infection or averaged during the first 3 days of the disease, 
presented no evident relationship between the height of the early 
counts and the course or outcome of the pneumonia. There was, 
nevertheless, a distinct tendencj'^ for the number of circulating leuko- 
cytes to fall during the height of the disease and to rise with recovery. 
Less constant was the tendency for the leukocytes to rise when 
empyema or pericarditis occurred, even though tliese cases always 
terminated fatally. A similar lack of correlation between tlie white 
blood counts and the outcome of experimental pneumonia was also 
observed by Blake and Cecil (1) in their study. 

As regards the influence of the size of the infecting dose of organisms 
upon tlie character of the resulting disease, it may be stated that the 
mortality rate was higher in the animals whicli received the largest 
doses of culture. There was, however, marked variation in the 
severity of the disease in individual animals regardless of the amount 
of culture inoculated. Furthermore, the extent of pulmonarj'- in- 
volvement and the height of the septicemia following infection with 
the large doses of organisms was no greater than that frequently seen 
in animals receiving the small doses. The same facts are demon- 
strated when the dose is computed on the basis of body weight. 
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There appears, therefore, to be no dear relationship between the size 
of the infecting dose and the outcome of the experimental pneumonia. 

General atmospheric conditions apparently play a role in the 
resistance of the animals to infection. In general, during the winter 
the type of infection produced with small doses of organisms was 
similar to that obtained in the warm weather with larger doses of 
organisms. The individual variation was noteworthy at all times, 
however. 

The severity of the depressant action of ether or morphine, indi- 
cated by stupor and subnormal depression of body temperature, 
differed considerably in different animals. There was apparently 
a tendency for monkeys in which the depressant effect was most 
marked to be the sicker. Furthermore, the inhalation of ether is 
known at times to produce in experimental a nim als a hemorrhagic 
edema of the lungs. Temporary lowering of the physiological resist- 
ance of an experimental animal, so as to allow bacteria introduced 
into the respiratory tract to gain a foothold, has been described 
folloYong chilling, alcohol, morphine, fatigue, and deficient diets. 
In the present study, it is not unlikely that differences in the effect 
of morphine or ether upon different animals may have had a definite 
influence upon the severity of the disease in these animals. 

Localization of the infecting material should imdoubtedly have a 
distinct influence upon the course of the disease. In the great major- 
ity of animals which recovered spontaneously, only one or two lobes 
were involved, whereas with more widespread involvement a high 
percentage of fatalities occurred (Chart 1). With the intratracheal 
method, in which ether anesthesia was used, there is a somewhat 
greater tendencj' for the infecting material to be distributed more 
widely than when the intrabronchial method is employed. Reference 
to Table II, however, reveals similar forms of disease produced by 
both methods. With the intratracheal route, the early consolidation 
was most frequently noted by X-raj' in the median portion of the 
involved lobe, whence it spread to involve the entire lobe; with the 
intrabronchial method, by which the infecting material is placed 
farther out in the bronchial tree, the original consolidation was first 
seen in a more lateral position in the lobe, spreading medially. In 
cither case, the lesion may progress to involve one or more lobes 
completely, or the process may be limited to part of a lobe. 
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The use of starch as a protective medium for the bacteria, as sug- 
gested by Terrell, Robertson, and Coggeshall (8), has been found to be 
unnecessary for the production of lobar pneumonia in the Java 
monkey. In 8 animals inoculated by the intrabroncliial route with 
broth cultures of Type III Pneumococcus alone, the results were quite 
similar to those obtained when starch was employed. In these 
instances, again, distinct variations in the course of the disease in 
individual monkeys was noted. 

The features mentioned are those w'hich are considered to play 
a role in influencing the course of tire experimental pneumonia due to 
Type III Pneumococcus after it has been established. A discussion 
of the pathogenesis and pathology will appear in a subsequent com- 
munication. 

The results of the present study furnish evidence that, with Type 
III Pneumococcus, pneumonia of lobar distribution comparable in its 
clinical features to human lobar pneumonia can be produced in 
monkeys. The course of the disease is variable, and under existing 
conditions the result in individual animals is not predictable in tlie 
early stages of the disease. 


SUMMARY 

It has been possible by the intratracheal or intrabronchial inocula- 
tion of Type III Pneumococcus to produce in monkeys of tlie M, cyno- 
molgos species an experimental pneumonia whicli in its clinical aspects 
closely resembles pneumococcus lobar pneumonia in man. The 
experimental disease is cliaracterized by the development of a well 
localized pulmonary lesion of lobar distribution whicli tends to spread, 
the frequent occurrence of septicemia, a sustained fever, and the 
termination of the infection after a variable interval, in recover}^ or 
death of the animal. Wide variations in the severity of the disease in 
different monkeys have been noted. These variations appear to be 
due primarily to differences in the resistance of individual animals. 
The height of the septicemia accompanying the experimental pneu- 
monia has been found to be the most valuable objective index of the 
probable outcome of the disease. Other factors which may influence 
the course and outcome of the disease arc discussed. 
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EXPL.ANATION OF PL.ATES 
Pl4TE 45 

The intrabronchial method of inoculation demonstrated bj' the injection of 
lipiodol. 

Figs. 1 to 3. Roentgenograms of monkey’s lung showing catheter in upper 
bronchus of right lower lobe and the different stages in the injection of 0.5 cc. of 
lipiodol. 

Fig. 4. Lateral \new of same animal. 

Fig. S. Roentgenogram of monkey’s chest after the injection of 0.5 cc. of 
lipiodol into both the left lower lobe and the lower part of the right upper lobe. 
Fig. 6. Same as Fig. 5, nith animal in lateral position. 

PUTE 46 

Roentgenograms taken during the course of experimental pneumom'a in Monkej' 
9-6, which terminated fatally. 

Fig. 7. Control. Before infection (Feb. 10). 

Fig. 8. 1st day after infection (Feb. 21), showing early consolidation in the 
right upper lobe. 

Fig. 9. 2nd day (Feb. 22), showing spread of pneumonia in the upper part of 
the right upper lobe. 

Fig. 10. 3rd day (Feb. 23), showing complete involvement of the right upper 
lobe and probably c.\tenEion into the right middle lobe. 

Fig. 11. 4th day (Feb. 24), showing a left pneumothorax together with a well 
marked involvement of the right upper and middle lobes (Chart 10). 

Plate 47 

Roentgenograms of fatal pneumonia in Monkey 5-2. 

I'lG. 12. Control. Before infection (June 8). 
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Fig. 13. 1st day after infection (June 10), showing early pneumonia in right 
middle lobe. 

Fig. 14. 4th day (June 13), showing a more diffuse pneumonia involving most 
of the right middle and upper lobes, the median part of the right lower lobe, and 
the lower part of tlie left upper lobe. 
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EXPERIMENTAL TYPE HI PNEUMOCOCCUS PNEUMONIA 

IN MONKEYS 

II. Treatment with an Enzyme Which Decomposes the Specific 

Capsular Polysaccharide of Pneumococcus Type m 
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Ph.D., akd OSWALD T. AVERY, ALD. 

{From the Hospital of The Rockefeller Institute for Medical Research) 

PlATElS 48 TO so 

(Received for publication, Februarj' 1, 1934) 

In the preceding paper (1) the production and the clin i cal features 
of experimental T3T3e III pneumococcus pneumonia in monkeys of 
the M. cynomolgos species were described. The experimental disease 
in its clinical aspects closely resembles lobar pneumonia in man. 
The infection in these animals results in a pneumonic lesion of lobar 
distribution which tends to spread and which terminates after a 
variable period in spontaneous recoveiy or death. The irregularity 
of the course of the disease in indi\’idual animals is striking, but when 
septicemia is present the mortality rate increases proportionately 
with the number of organisms in the circulating blood. Thus, the 
height of the septicemia, irrespective of the size of the infecting dose, 
was found to be the most valuable objective index of the severity of 
the disease in a given animal. 

In earlier studies, Averj* and Dubos (2) showed that a specific 
cnzjTne of bacterial origin was capable of protecting mice against 
subsequent infection with Tj-pe in Pneumococcus, and of exerting 
a curative eficct on infections already established. The beneficial 
efiect of the enz 3 Tne was demonstrated to be due to its capacity to 
decompose the specific capsular polysaccharide of Tjqje HI Pneumo- 
coccus, thus rendering the bacteria rcadilj' susceptible to phagocj'tosis 
b\' the cells of the animal bod\'. 

Studying the cfTcct of the cnzjTne upon a dermal infection with 
Type III Pneumococcus in rabbits, Goodner, Dubos, and Averj* (3) 

611 
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stable and the smaller doses of organisms were more effident in produdng tj-pical 
pneumonia. During the period of treatment the animal’s temperature was 
recorded, repeated blood cultures and blood counts were made, and the X-rays 
were carefully studied for evidence of extendon or regression of the pneumonic 
process. A blood culture and white blood cell count were made immediately 
before treatment. Because of variation in the enzyme content of different lots, 
the usual procedure was to administer 10 cc. of the enzyme preparation intra- 
venoudy. Further treatment was based upon the response to the first injection, 
the severity of the disease, and the potency of the particular preparation of enzj-me. 
Additional treatments were given as often as three times daily, either intrave- 
noudy , intraperitoneally, or by both routes simultaneoudy. When enzjTne therapy 
was employed, treatment was always begun within the first 3 days after infection. 


TABLE I 

Morlalily in Experimental Type III Pneumocoaus Pneumonia in ilonheys 
Receiving Enzyme Therapy* 


Diagnosis 

No. of 

No. 

reco\*cred 



Pneumonia without Eeptlcemia 


8 

0 

per ceni 

0 

Pneumonia with septicemia (1-230 per cc.). . 


15 

0 

0 

Pneumonia with septicemia (230-2000 per 
cc.) 


8 

1 

11.1 

Pneumonia with septicemia (2000 or greater 
per cc.) 

8 

1 

7 

87.5 

Total 

40 

32 

8 

20.0 


* Classified on the basis of height of septicemia during first 3 dajs. 


No attempt was made to ascertain the minimal amount of enzyme required in 
indi\idual monkeys, but, rather, treatment was intensively employed untfl the 
result was assured. 


RESULTS 

In the entire series of 40 monkeys with pneumonia, in which enzjTne 
therapy was employed, the mortality rate was 20 per cent. The 
animals have been subdivided into four groups based on the height 
of the septicemia during the first 3 days of the disease (Table I). The 
distribution of the cases is comparable to that of the untreated series 
(1). ^\ ith one exception, the fatal cases fall into the group with 
extreme septicemia and marked prostration. The height of the septi- 
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cemia during the first 3 days, and the number of pulmonary lobes 
involved, in relation to recovery or death, are represented graphically 
in Chart 1 . The amount of pulmonary involvement was, in general, 
greater in the fatal cases than in those which recovered. The salient 
features of the disease in the different groups are discussed in detail. 


Treated 



o -Recovery 
• -Death 

CinvRT 1. The relation of the height of septicemia and tlie amount of pulmonary 
involvement to the outcome of the disease. 

Group A. Lobar Pneumonia 7oithoul Septicemia 

In this group of S animals, no demonstrable invasion of the blood 
had occurred at the time treatment was begun, which in 6 instances 




rRANCIS, TERRELL, DUBOS, AND AVERY 


645 


was on the 1st day, in 2 on the 2nd day after infection. All 8 animals 
recovered. The average weight of the group was 2130 gm. The 
average amount of culture employed for inoculation was 0.35 cc. 
In 2 cases there was involvement of three pulmonarj' lobes, in 1 case 
two lobes, while in the remaining 5 only one lobe was involved. The 
average duration of the disease was 3.2 days after mfection. This 
was estimated, to a great extent, upon the time when regression of the 
pneumonia was noted in the X-ray. The temperature curve and the 
white blood count were of less value, since some febrile reaction and 
fall in the number of circulating leukocytes frequently followed admin- 
istration of enzyme. lATien a rise in the number of leukocj’tes began, 
however, recovery was usually definitely established. 

No attempt was made to ascertain the minimal amount of enzyme 
required. The number of units of enz 3 rme given to animals in this 
group varied from 100 units to 360, and the number of treatments 
varied from a single dose to four over a period of 3 days. In most 
instances, improvement began shortly after treatment was instituted. 
The monkey became more alert; there was a tendenc}’’ for the fever to 
subside; regression of the shadow, most noticeable at the margins, 
was observed in the X-ray film. 

In comparison with the imtreated animals (1) without septicemia, 
the course of the disease in the treated animals was, on the average, 
of shorter duration. Furthermore, from a clinical standpoint, the 
animals of this group were, at the time treatment was begun, sicker 
than those of the untreated group, and the amount of pulmonary 
involvement was greater. In some instances, it is possible that with 
a spreading pneumonia, septicemia and death might have occurred 
in the absence of treatment. In no instance was a prolonged illness 
noted, although one monkc}’. No. 4-2, while recovering from pneu- 
monia, developed cutaneous sores and on the 6th day a septicemia 
due to Staphylococcus aureus and a Gram-negative bacillus. l\Tten 
sacrificed, the lungs showed definite resolution and the cultures from 
the pneumonic lobes revealed no pneumococci. 

^ .Monkey 1-11 (Chart 2) «-as treated on the 2nd day after infection, when the 
right upfKr lobe ^vas completely involved. At that time the tempemturc was 
high, bat following a single treatment with 50 units of cnz>-me there was a critical 
fall of the fever; no spread of the lesion occurred. On the 3rd dav another treat- 
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ment of the gamp amount was given. On the 4th day, resolution was evident in 
the X-ray. Recovery progressed uneventfully. 

Monkey 8-1 (Chart 3). Treatment was begun on the 1st day of the disease, 
but extension of the pneumonia was noted in the X-rays on the 2nd and 3rd days. 
On the 4th day resolution was evident. Roentgenograms taken during the course 
of the disease and recovery are reproduced in Figs. 1 to 6. 
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Chart 2. Experimental pneumonia without septicemia, treated with enzj-me. 
«. represents units of enzjTne. 

Group B. Lohar Pneumoma with Scplicemia 
{1-250 Colonics per Cc.) 

In this group of 15 animals the average weight was 1880 gm., the 
average amount of culture used was 0.37 cc. In 5 cases, two pul- 
monarj- lobes were involved, in the remainder only one lobe. Septi- 
cemia was present in all instances, the number of organisms present 
in the blood at the time of treatment ranging up to 166 colonies per 
1 cc. of blood in the first 3 days after infection. 3 animals were 
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treated on the 1st day, 10 on the 2nd, and 2 on the 3rd day after infec- 
tion. The amount and duration of treatment varied from a single 
dose of 50 units on the 2nd day, to 5 treatments over the 2nd, 3rd, and 
4th days, with a total of 692 units. In one case. No. 1-14, the blood 
culture contained 14 colonies per cc. on the 1st day, but was sterile 
on the 2nd day, when treatment was begun. The only other example 
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Day of 
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Chart 3. Experimental pneumonia treated on 1st day of disease. 

of this course of events occurred in Monkey 1-1 of the untreated group, 
in which septicemia recurred and a fatal termination resulted. In all 
but 2 cases the pneumonic process was clearly extending at the time 
of treatment. 

Treatment of this group of animals resulted in 100 per cent recover)’’, 
in contrast to 55 per cent recovery in the untreated group with com- 
parable septicemia. The average time of recovery was 3.6 days after 
infection. In 13 of the 15 cases, sterilization of the blood was effected 
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by . the first treatment, in some, instances within 4 hours. In one 
exception, the enzjune was found later to be contaminated, and Type 
in Pneumococcus was recovered in culture from the blood together 
TOth a Gram-negative bacillus. In spite of this, resolution began 
promptly and continued. In the other case, the blood oilture at the 
time of the first treatment was negative, but a second culture taken 
2| hours later was positive. A third culture on the following day was 
negative. In another animal, following therapy and while recovery 
was under way, an intercurrent superficial infection of the extremities 
was noted, and a Gram-negative bacillus was isolated from the blood. 

In 10, or possibly 11 cases, no spread of the pneumonic lesion was 
demonstrable by X-ray the day following the first treatment; in the 
majority, resolution was clearly seen. In the 4 cases in which exten- 
sion of the lesion was noted the 1st day after treatment, there was no 
further progression as treatment was continued. Concomitantly 
with the improvement as shown by sterilization of the blood and de- 
crease in the size of the pneumonic process, there was usually a fall 
in temperature, except in cases in which febrile reactions followed later 
injections of enzyme. The animals also became stronger and more 
alert. 

In comparison with similar imtreated cases (1), the duration of 
disease in the treated animals was, on the average, almost 1 day shorter 
than in the untreated animals which recovered, and 2 days shorter 
than in the fatal cases. Of the untreated cases which recovered, 
only 2 of 1 1 presented septicemia on the 1st day of disease, whereas 
of the 9 fatal cases, 7 had positive blood cultures on the 1st day. The 
treated cases appear to be more comparable to the latter animals, 
since of the 15 treated animals 13 had positive blood cultures the 1st 
day after infection, and, in general, higher septicemias than the fatal 
cases of the parallel untreated group. The pulmonarj- involvement 
was comparable in that progressively spreading pneumonia of lobar 
distribution was present at the time of treatment. The prompt 
subsidence of the septicemia and limitation of spread after treatment, 
together with general improvement, contrasts sharply with the course 
of the disease in the untreated series. 

.Monkey 1-lS (Chart 4) represents the t>-pe of case in which two pulmonary 
lobes ^\crc involved early in the disease and a rclaUvcly high septicemia (60 
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that period. Needless to say, the degree of illness in this group "was 
severe. However, 8 of the treated animals recovered, giving a re- 
covery rate of 88.9 per cent. This contrasts with the results in 
imtreated animals with similar severity of disease of which only 25 per 
cent recovered. 

The average weight of the animals was 1880 gm.; the average amount of culture 
injected was 0.39 cc. In the 1 animal which died, there was involvement of two 



Chart 5. Experimental pneumonia with mild septicemia treated with enz\-me. 

lobes the morning after infection, and a blood culture \delded 1040 colonies per 
1 cc. of blood. A treatment of 120 units of enzyme was given 45 hours later. 
6 hours after the treatment, the septicemia was reduced to 160 colonies per cc. 

this time, the monkey had an attacli of choking and died. A search at autopsv 
rc%’c.iled no tracheal obstruction, but dehnite pneumonic consolidation was 
present in the right upper and lower lobes, and Type III Pneumococcus was 
recovered from the pericardial fluid. The spleen was small and bound by dense 
adhesions. 
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general depression and rapidly fatal outcome, clearly unsatisfactory 
for therapeutic experiments. 

Monkey 3-9 (Chart 8) illustrates the effect of enzyme therapy in a case nith 
marked septicemia which terminated fatall}’’. The spread of the pneumonia was 
checked, a substantial reduction in septicemia w’as effected, and life prolonged. 
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Chart 9. Experimental pneumonia with marked septicemia, treated with 
enzyme but terminating fatally. 

At autops}^ the left lower lobe was completel.v consolidated, while the left middle 
and right lower lobes appeared congested. Fibrinopurulent pleurisy and peri- 
carditis ware present. 

Monkey 1-17 (Chart 9) is an instance in which the pneumonia continued to 
spread, the septicemia increased, and death occurred on the .Srd day after infection. 
Autopsy revealed lobar pneumonia of the right upper and middle lobes, and partial 
consolidation of the right lower lobe. A fibrinopurulent pleuris)’ was present over 
the involved lobes. 
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In Monkey 1-30 (Chart 10), which had well marked consoUdation at the time 
of treatment and 3800 colonies of Tj-pe III Pneumococcus in culture per 1 cc. of 
blood, treatment caused prompt limitation of the pneumonia, and two days later 
sterilization of the blood. Recoverj' followed. Roentgenograms are shown in 
Figs. 13 to 18. 
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Chart 10. Experimental pneumonia with marked septicemia which recov- 
ered after enzyme therapy. 


DISCUSSION 

The results of specific cnz\mc therapy in the experimental Type HI 
pneumococcus pneumonia of monkeys have been presented. To 
evaluate the effects of treatment in the present series of animals, 
the results, as measured by recovery' or death, may be compared 
with those in an untreated scries of animals (1) included in the pre- 
ceding paper (Table III). It must be borne in mind, however, that 
in a given experiment the animals which appeared sickest were selected 
for treatment. Of those animals, treated or not, in which no bac- 
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terial invasion of the blood was demonstrable, all recovered. In the 
group with pneumonia accompanied by septicemia of 1 to 250 colonies 
per cc. of blood, 45 per cent of the 20 untreated animals died, while 
all of the 15 treated monkeys recovered. Of the 12 untreated animals 
in the group with septicemia ranging from 250 to 2000 colonies per cc., 
75 per cent died, whereas of 9 animals whicli received enzyme therapy, 
only 1 died, a mortality rate of 1 1 . 1 per cent. The final group includes 
the animals which suffered from an extremely pronounced form of 
infection, frequently with diffuse pneumonia, rapid exhaustion of 


TABLE in 

The Influence of Enzyme Therapy upon Mortality Rate in Experimental Type III 
Pneumococcus Pneumonia in Monkeys* 





Untreated 


Treated 


Class of infection 

No. 

of 

ani- 

mals 

No. 

re- 

cov- 

ered 

No. 

died 

Mortality 

No. 

of 

ani- 

mals 

No. 

re- 

cov- 

ered 

No. 

died 

Mortality 

Pneumonia without septicemia 

20 

20 

0 

per cent 

0 

s 

s 

0 


Pneumonia with septicemia (1-250). . 

20 

11 

9 


15 

15 

D 



Pneumonia with septicemia (250- 
2000) 

12 

3 

9 

156.2 
75. oj 

9 

8 

1 

11. ij 

■4 

Pneumonia with septicemia(2000+). 

16 

0 

16 


8 

1 

7 

87.5 


Total 

6S 

34 

34 

50.0 

40 

32 

8 

20.0 


Total for groups with septicemia... 

48 

14 

34 

70.8 

32 

24 

8 

25.0 



* Classified on the basis of height of septicemia in first 3 daj-s. 


circulating leukocytes, septicemia of very high degree, and witli a 
tendency to early death. In the 16 untreated animals of this group, 
the mortality rate was 100 per cent. Of S comparable monkeys to 
which enzyme was administered, 7 died, and 1, in which the septicemia 
reached 3800 colonies per cc. before treatment, recovered, a mortality 
rate of 87.5 per cent. 

It can readily be seen that in the groups in which no invasion of the 
blood occurs, spontaneous recovery is to be uniformly c.xpectcd, 
whereas in the extremely severe forms of the disease the great majority 
of animals are too completely prostrated to respond to any therapeutic 
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aids. Consequently, the two intennediate groups appear to offer the 
best opportunity for stud3dng the effects of enzjone therapy. In- 
cluded in these groups in which septicemia ranged from 1 to 2000 
colonies per cc. are 32 untreated monkeys of which 18 died (56.2 
per cent), and 24 treated animals with only one death (4 per cent). 
Or, if one compares the results in all animals in which septicemia was 
present, 70.8 per cent of 48 xmtreated animals died, but only 25 per 
cent of the 32 treated animals. 

In addition to the apparently beneficial effects of specific enzyme 
therapy as measured by survival or death of the animals, certain other 
favorable influences were observed. In a high percentage of cases 
in which extension of the pneumonic process was occurring at the time 
of treatment, the spreading promptly ceased following the initial 
injection of enzyme. Although the density of the area of consolida- 
tion might at first appear greater than before treatment, extension 
did not occur and resolution of the lesion soon began. This limitation 
of spread of the pneumonia was not infrequently noted in the severe 
cases before the bacteria were completely eliminated from the blood 
stream (Figs. 7 to 12). A comparison of the ultimate degree of 
pulmonary involvement in the treated and untreated cases (1) 
(Chart 1) reveals the fact that it was less, in general, in the former 
series. WTiile in the treated cases the extension was apparently 
limited early, in the untreated animals extension of the pneumonia 
progressed, frequently with fatal results. 

That the administration of enzyme promoted sterilization of the 
blood stream seems certain. In the milder cases this occurred quite 
rapidly. In animals in which the higher degrees of septicemia were 
present, there was rarely an increase, more regularly a prompt de- 
crease in the number of pneumococci in the blood following the 
administration of enzjnne. Even in cases which eventually ter- 
minated fatally, or in which extreme septicemia occurred early in the 
disease, cultures of the blood showed a marked reduction in the 
number of bacteria uithin 4 to 5 hours after the first treatment. 

Simultaneously with limitation of the pneumonia, beginning resolu- 
tion, and eHmination of septicemia, a fall in temperature usually 
occurred. In fact, there was a tendency' for the fever to subside 
concurrently with tlie cessation of pneumonic spread, even though 
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septicemia still persisted. Although a marked leukopenia was com- 
paratively frequent at the time treatment was begun, the number of 
leukocytes rose with the beginning of recovery. 

In fatal untreated cases with septicemia, a high incidence of positive 
cultures was obtained from pleural or pericardial fluids at autopsy. 
In many instances frank empyema or pericarditis was present. In 
the treated cases with severe infections which resulted fatally, the 
incidence of these complications was also high. In recovered animals 
of the treated series, therefore, a frequency of suppurative complica- 
tions equal to that of the untreated animals might be expected. The 
fact that the treated animals which survived recovered without sup- 
purative sequelae suggests that enz 3 ane therapy either prevented the 
development of empyema and pericarditis or was therapeuticall}'’ 
effective even in the presence of these complications. 

As previously stated, many technical difficulties have been en- 
countered in attempting to produce enzyme preparations of uniformly 
high therapeutic activity and purity. The different lots of enzjnme 
have, as a result, been inconstant in both these respects. In some 
instances toxic effects, attributable to impurities in the material, 
have been noted in animals after the administration of enz}mic. 
These impurities may induce a febrile reaction and a decrease in the 
white blood count of the animal. At otlier times, Avhen the animal 
is extremely ill with subnormal temperature and a marked leukopenia, 
the administration of impure preparations may produce a further 
depression of temperature and of the leukocytes. 

The results of the present study indicate that the specific enzyme, 
even in its present state of purity, exerts a favorable therapeutic 
effect upon the course and outcome of e.xperimental T 3 '-pc III pneumo- 
coccus pneumonia in monkeys. Nevertheless, the present study again 
emphasizes the therapeutic limitations of the enzyme (4). The 
action of the enz^mie is known to be e.xcrted upon the capsular poly- 
saccharide of Type III Pneumococcus (6). being deprived of its 
capsule, the bacterium is made susceptible to phagocytosis by the 
cells of the animal body. However, when the disease process is of 
extreme severitj- and the entire cellular mechanism of the body is 
markedly' depressed, the animal ma^’ no longer possess the capacity 
to dispose of the organisms rendered vulnerable by the specific action 
of the enzyme. 
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StrUMARY 

The effects of specific enzyme therapy upon experimental T3^e HI 
pneumococcus pneumonia in monkeys were studied by comparing 
the course and outcome of the disease in treated ammals with that in 
animak which received no therapeutic aid. Enz3rme treatment was 
found to exert a distinctly favorable influence upon the experimental 
pneumonia. Treatment was followed by cessation of spread of the 
pneumonic lesion, sterilization of the blood, and early recovery, 
except in animals in which the severity of the disease was extreme. 
While in the untreated animals a high incidence of empyema and 
pericarditis was observed, suppurative sequelae were apparently 
prevented by adequate enzyme therapy. The limitations of the 
therapeutic action of the specific enzyme in the presence of marked 
depression of the cellular reaction in infected animals are again 
emphasized. 
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EXPL.W.ATION OF PIATES 
Plate 48 

Roentgenograms of Monkey 8-1 during the course of experimental pneumonia, 
treated the 1st day after infection (Chart 3). 

Fig. 1. Control. Before inoculation (Dec. 19). 

Fig. 2. (Dec. 20.) 19 hours after infection and 7 hours before the first treat- 
ment, showing well localized consolidation in lower half of the right upper lobe. 

Fig. 3. 2nd day (Dec. 21), showing extension of pneumonia throughout right 
upper lobe. 

Fig. 4. 3rd day (Dec. 22), showing increased density of the shadow over the 
right upper lobe, but no ewdence of further spread. 

Fig. 5. 5th day (Dec. 24). Resolution of the pneumonia has begun, as shown 
by the decrc.ise in density and beginning aeration of the area. 

Fig. 6. 10th day (Dec. 29), showing complete resolurion of the pneumonic 
shadow 



668 


TYPE m PNEUMOCOCCUS PNEUMONIA. II 


Plate 49 

Roentgenograms of Monkey 9-4 during the course of the disease and recovei>’ 
(Table II). 

Fig. 7. 1st day after infection (Feb. 7), shorang a well marked early pneu- 
monia of the lower part of the right upper lobe. 

Fig. 8. 2nd day (Feb. 8), showing extension of the lesion through the entire 
right upper lobe, and a small early shadow in the right cardiohepatic angle. Treat- 
ment begun. 

Fig. 9. 3rd day (Feb. 9). Shows no extension, perhaps some clearing of shadow 
in right cardiohepatic angle. 

Fig. 10. 4th day (Feb. 10). Aeration beginning, as evidenced by the clearly 
outlined base of heart. 

Fig. 11. 5th day (Feb. 11). Base of heart drawn well to right tow'ard resolving 
lobe, a feature not infrequentl}' noted. 

Fig. 12. 1 week later (Feb. 18). Almost complete resolution. 

Plate 50 

Roentgenograms of Monkey 1-30, first treated on the 2nd day after infection 
when septicemia had reached 3800 colonies per cc. (Chart 10). 

Fig. 13. Control plate (June 5). Shows heart rotated to the right side. Evi- 
dence of the extreme mobility of the mediastinum often noted. 

Fig. 14. 1st day of disease (June 6), showing early lesion in the low'er part of 
the right upper lobe. 

Fig. 15. 2nd day (June 7), showdng extension of lesion. 

Fig. 16. 3rd day (June 8, following treatment). There is a decrease in density 
of the shadow, suggesting early resolution. 

Figs. 17, 18. 4th and 5th days (June 9 and 10), showing regression of the lesion. 
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LOUPING_ ILL IN MAN 

By THOMAS M. RIVERS, M.D., akd FRANCIS F. S CH \VENTKER, M.D. 

(From the Hospital of The Rockefeller Institute for Medical Research) 
(Received for publication, Februar>' 1, 1934) 

The fact that the etiological agent of loupmg ill (1, 2), a natural 
disease of sheep in Scotland and the northern part of England, is 
filterable virus (3) capable of producing in monkeys (4) and mice (5) a 
disease somewhat similar to poliomyelitis induced us to procure some 
of the virus for investigation (6). It was supplied to another labora- 
tory of the Institute in which three of the workers, one after another, 
became sick. Inquiry disclosed the fact that an English investigator 
had also become ill after having worked with the virus. A prelimi- 
nary note (7) has already been made regarding these cases. In the 
present paper a detailed description of the cases and a report of the 
results of the investigations undertaken to ascertain whether the virus 
of louping ill was the etiological agent involved are presented. 

Report of Cases 

Case I. — Dr. F., male, 28, became sick on Dea 2, 1932, twelve weeks after the 
initiation of his work with louping ill virus. For 5 days he experienced general 
malaise, headache, and a temperature ranging between 101° and 101. 5°F. Fol- 
lowing this bout of fever the patient was afebrile for 8 days during which time 
he worked in spite of the fact that he did not feel as well as usual. On Dec. 15, 
he returned to bed because of a transient diplopia and a temperature of 102°F. 
From Dec. 15 until Dec. 18, the date of admission to the Hospital, the patient 
had a headache, fever, and recurring attacks of diplopia, and, in spite of drowsi- 
ness, was unable to sleep. On Dec. 17 he experienced several atUcks of projectile 
vomiting which were unaccompanied by nausea. 

Upon admission to the Hospital of The Rockefeller Institute the patient had a 
temperature of 102. 1°F. and a puke rate of 84. He was drowsy and had a head- 
aclie. The general physical examination was negative with the exception of a 
marked diminution in the intensity of the deep reflexes and a diplopia caused by 
a weakness of the internal rectus muscle of the left eye. During the examination 
it was noticed that the patient’s respirations were irregular and accompanied by- 
sighs. There were 10,500 white blood cells per c.mm. of which 83 per cent were 
granulocy tes. On Dec. 19, the day after admission to the Hospital, the patient 
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continued to have attacks of vomiting but at this time they were accompanied 
by nausea. No other significant changes were noticed in the patient’s general 
condition. Spinal fluid was obtained for study. It was clear, but contained an 
increased amount of globulin and 61 white cells per c.mm. of which 88 per cent 
were mononuclear elements. Cultures of the blood and spinal fluid remained 
sterile. Mice injected intracerebrally with blood and with spinal fluid remained 
well. On Dec. 20, the patient received intravenously 50 cc. of a 50 per cent 
solution of glucose. Two similar intravenous injections were made the next day. 
Following the administration of the hypertonic solutions the patient’s condition 
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Chart 1. Graphic portrayal of Case 1. 

improved; his headache was less severe, the nausea and vomiting ceased, he 
became jovial and regained the abilit}'^ to sleep normally. A second specimen 
of blood was taken on Dec. 22; cultures remained sterile and mice inoculated 
intracerebrally with small amounts of it remained well. Spinal fluid obtained 
on the 23rd of December contained blood. That obtained on the 30th had a 
few blood cells, 26 leucoC3’tes per c.mm., and an increased amount of globulin. 
The diplopia disappeared on the 22nd. The temperature returned to a normal 
level on the 23rd. Follovdng this the patient made a rapid rccoverj’ since which 
time he has remained well. See Chart 1 for a summary of the case. At the time 
the patient was in the Hospital the physicians who saw him believed that he 
had epidemic encephalitis. 
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When Dr. F. became sick Mrs. C. carried on the work with louping 
iU virus until she (Case 2) became sick, Jan. 31, 1933, approximately 6 
weeks after she began handling the infectious agent. 

Case 2.— Mrs. C., 27, on Jan. 31 went to bed at home because of fever, head- 
ache, backache, and prostration. Nothing of significance except a reddened 
throat was obser%''ed by her husband who is a phj'sician. The patient’s con- 
dition remained unchanged until Feb. 5 when her temperature reached normal. 
During this period of her illness a marked leucopenia, 2000-4000 cells per c.mm., 
existed (Chart 2). She gradually improved and returned to work on Feb. 14 
at which time the white blood cell count was 6400. On Feb. 18 the headache 
returned and increased in intensity until the 21st when it became very severe. 
In spite of the discomfort Mrs. C. continued to work until the afternoon of the 
21st when she was carried home prostrated with fever, slight photophobia, and 
intense headache. On Feb. 22 the white blood cells numbered 12,000 per c.min. 
of which 82 per cent were granulocytes, A blood culture taken at this time re- 
mained sterile. The fever continued and was accompanied by a slightly confused 
mental state. On Feb, 23 the patient was admitted to the White Plains Hospital,^ 
White Plains, N. Y, 

On admission to the Hospital the patient’s temperature was 104°F. and the 
puke rate was 90. She complained of headache, stiffness of the neck, sore throat, 
and nausea. Examination revealed that the patient was drowsy and had a stiff 
neck and an inflamed throat. Feb. 24, she was still nauseated and complained 
of transient blurring of vision. The white blood cell count was 17,350. Feb. 25, 
headache, nausea, and vomiting persisted. A consultant was called who, in view 
of the sv-mptoms, the stiffness of the neck, and the blurring of the optic discs, 
made a diagnosis of tuberculous meningitis. A lumbar puncture was made. 
The spinal fluid was dear, reduced Fehling’s solution, contained, in addition to 
an increased amount of globulin, 45 white ceUs per c.mm. No tuberde bacilli 
were found in the spinal fluid; cultures remained sterile; mice injected intra- 
cerebrally with small amounts of the fluid remained well. The patient’s general 
condition improved rapidly, and, on Feb. 28, her temperature reached a normal 
level. Although her general condiu'on improved, a definite retrobulbar neuritis 
developed. Mar. 3, spinal fluid was again obtained for examination. It was 
slightly blood-tinged; sugar was present; globulin was increased; Icucocv-tes were 
50 per c.mm. of which 60 per cent were mononudear elements; cultures remained 
sterile. The patient continued to improve and the optic neuritis gradually sub- 
sided. Mar. 23, the patient was discharged from the Hospital. After a period 
of convalescence at home she returned to work and since that time has remained 
well. Chart 2 summarizes the essential features of the case. In mew of the 

• Mrs. C. was on Dr. W. W. Mott’s service and it was through his courtesy and 
cooperation that we were able to obtain data regarding her illness. 
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Chart 2. Graphic portrayal of Case 2. 
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fact that the patient made a speedy recovery the diagnosis of tuberculous menin- 
gitis vras changed to acute encephalitis. 

When h&s. C. became sick on Jan. 31, Dr. W. took charge of the 
work on louping ill. He (Case 3) became ill on Feb. 8. 

Case J.— Dr. W., male, 39, on Feb. 8, after strenuous exerdse followed by ex- 
posure to inclement weather experienced chilly sensations, dizziness, and ele- 
vation of temperature. Feb. 9, he worked in spite of dizziness, anorexia, and a 
temperature of 101®F. Feb. 10 to 17, he remained in bed because of headache, 
photophobia, and fever— temperature ranged between 101° and 103°F. Feb. 17 
to 20, convalesced at home; headache and weakness persisted. Feb. 20 to hlar. 1, 
the patient was able to be at the laboratory' but was weak and unable to use his 
eyes for dose work. Mar. 1, the patient felt fully recovered and has remained 
well since that time. The physidan in charge of the case made a diagnosis of 
influenza. 

Upon inquiry it was found that an English investigator (Case 4) 
at the Lister Institute had an attack of encephalitis in 1932 after 
having worked with louping ill virus. Through the courtesy of Dr. 
Critchley, 137 Harley Street, London, we have been able to secure the 
data regarding this patient. The patient himself was in the United 
States during 1933, a year after recovery from his illness, and we were 
able to obtain a specimen of serum from him at that time for neutrali- 
zation tests which will be described later in the paper. 

Case 4. — ^Dr. H., male, 31, from May 10 to 14, experienced headache, soreness 
in throat, malaise, and muscular stiffness. He worked on May 14 in spite of a 
headache and a slight elevation of temperature, 100°F. From the 14th until the 
19th the patient remained at home because of intense headache, drowsiness, 
nausea, vomiting, and fever— temperature ranged between 100° and 104.5°F. 
The pulse was slow. On the 17th the white blood cells numbered 16,000 per 
c.mm. of which 80 per cent were granulocytes. 

In riew of the patient’s condition he was admitted to King’s College Hospital, 
May 19. Upon admission his temperature was 103.4°F., pulse 64, respirations 20. 
He was drowsy and had a severe headache; speech was slow; neck was stiff; deep 
reflexes were diminished in intensity; abdominal refle.xes were not obtained. The 
spinal fluid was under increased pressure and contained sugar, 667 mg. of chlorides 
per 100 cc., 110 mg. of protein per 100 cc., an increased amount of globulin, 32 
red blood cells per c.mm., and 46S leucocytes per c.mm. of which 77 per cent were 
mononuclear elements. Cultures and smears of the fluid revealed no micro- 
organisms. On May 20, 21, and 22, lumbar punctures were made (Chart 3), and 
the spinal fluid was found to be of the same general nature as that already de- 
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Chart 3. Graphic portrayal of Case 4. 
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scribed. The presence of blood cells should be noted, inasmuch as it was believed 
not to be due to the trauma of the puncture. In fact, several specimens of the 
fluid were brownish in color. May 20, the patient’s general condition -was im- 
proved; his fever was not as high as it had been; the tendon and abdominal re- 
flexes were absent; the optic discs showed decided pallor. May 21, the patient’s 
temperature reached the normal level and remained there. He felt better, was 
rational, and took a small amount of solid food. A marked tremor of the face, 
ej'es, tongue, and hands was noticed. This persisted for several daj-s and gradu- 
ally disappeared. Tendon and abdominal reflexes were still not obtained. May 
25, patient was entirely free from headache, was very alert, and wanted to get up. 
May 26, deep reflexes were stfll absent, but the abdominal reflexes had returned. 
The patient continued to improve, but on June 3 he developed a definite weakness 
of the muscles of the upper and lower parts of the left side of the face and some 
difficulty was experienced in blinking the left eyelid. Nothing else abnormal 
was noted. In fact, all the reflexes had returned to a normal state of activit 3 '. 
A lumbar puncture made at this time revealed a dear colorless fluid which con- 
tained sugar, 718 mg. of chlorides perTOO cc., 320 mg. of protein per 100 cc., an 
increased amount of globulin, no red blood cells, and 66 leucocv-tes per c.mm. 
of which 97 per cent were mononudear cells. Cultures and smears of the fluid 
showed no bacteria. From June 3 until the time of discharge from the Hospital, 
June 18, the patient improved rapidly; the facial weakness graduaUj’ decreased 
and finally disappeared during convalescence at home. Since this illness the 
patient has been well. See Chart 3 for a summar>' of the significant features of 
the case. At first it was thought that the patient had tuberculous meningitis, 
but, in view of his rapid recover^', a final diagnosis of acute encephalitis was made. 

EXPERIMENTAL 

There is no record in the literature of the occurrence of louping ill in 
man, yet the disease was considered in connection with the cases we 
have reported, and attempts to demonstrate the virus in the blood and 
spinal fluid of two of them were made without success. Failure to 
demonstrate the virus under such conditions, however, was not con- 
sidered proof that the patients had not had louping ill, because it is not 
always possible to demonstrate the virus in the blood and spinal fluid 
of monkeys knovm to have the disease. Consequently, inasmuch as 
we had developed a test (6) for the presence of neutralizing or pro- 
tective antibodies in the sera of monkeys immune to louping ill, we 
decided to apply the test to the sera of the four individuals who were 
suspected of haxnng had the disease. In addition to these sera, we 
also tested the sera of other people working with the \-irus, as well as 
the sera of a number of indi\'iduals who had had no knoum contact 
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with the active agent. The manner in which the tests were conducted 
will be described. Then, several of them will be presented in the form 
of tables. Finally, a summary of the results will be presented. 

Method of Condticiing the Neutralization Tests 

The virus emulsions used in the neutralization experiments were prepared from 
pooled brains of mice killed at the height of a louping ill infection. After removal 
from the animals, the brains were stored for 24 hours in separate containers in an 
ice box while bits of each were tested by means of cultures for the presence of 
ordinary bacteria. The brains free from bacteria were pooled and ground in a 
mortar. Sufficient Locke’s solution was then added to make a 20 per cent emul- 
sion which was centrifuged at 2000-3000 s.p.m. for 10 minutes. Then decimal 
dilutions of the supernatant fluid were made with Locke’s solution. Portions of 
each dilution were mixed with an equal amount of the serum the neutralizing 
properties of which were being investigated. The mixtures were allowed to stand 
for 2 hours at room temperature and then for 1 hour in a refrigerator at 0°C. 
0.03 cc. of each of the mixtures were then injected intracerebrally, respectively, 
into each of six mice. The animals were observed for IS days, and the number of 
deaths and the day of death of each animal were recorded. No mouse tliat suc- 
cumbed sooner than the 4th day after injection was considered to have died of 
louping ill. 

In each test at least two control sera were used. These consisted of a serum 
(negative control) that did not neutralize the virus and of a neutralizing serum 
(positive control) either from an immune monkey or from an immune person. It 
must be remembered that one cannot use virus emulsions diluted vdth Locke’s 
solution alone as negative controls, because it has been shorni (6) that in emulsions 
diluted in such a manner the virus of louping ill deteriorates rapidly. The Rocke- 
feller Institute strain of albino mice was employed in approximately one-third of 
the e.xperiments, while the Swiss strain of albino mice was used in the others. 
The latter mice are very susceptible to the virus and are highly suitable for this 
t 3 ’’pe of work. The former are not 100 per cent susceptible to the active agent, 
3 'et thej'^ proved satisfactorj' for the tests even though the results obtained with 
them were not so striking as were those when Swiss mice were used. 

Results of Neutralization Tests 

In the manner described above 17 tests were conducted in which 
sera from 63 individuals were examined for the presence of neutralizing 
antibodies for louping ill virus. In Table I, Test 2 is summarized, 
and from the results presented it is obvious that the sera from Indi- 
viduals 1 and 8 are comparable to that of the negative control, In- 
dixddual 19, while the sera from Individuals 5 and 6 arc comparable 
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TABLE n 


SiiDWtary of Neutralization Test 17 


Dilution 
of virus 

No. of mice 
inoculated 

No. of deaths 

Percentage 
of deaths 

Day of death 

Average lime 
of death 

Immune monkey serum plus virus dilutions (positive control) 

io-‘ 

6 

2 


9,11 


10-' 

4 

0 




10-6 

6 

0 





16 

2 

13 


10.0 

Serum of Individual 6 plus virus dilutions 

io-< 

6 

0 




10-6 

6 

0 




10-6 

6 

0 





18 

0 

0 



Scrum of Individual 2 plus virus dilutions 

10-6 

6 

0 




10-6 

6 

0 




10-6 

6 

0 





IS 1 

0 j 

0 



Scrum of Individual 38 plus virus dilutions 

10-* 

6 

r 

i 4 

1 

S, 9, 9, 9 


10-6 

6 

2 


10, 11 


10-6 

6 

1 


13 



! IS 

1 

7 

39 


9.4 

Serum of Individual 17 plus virus dilutions 

10-6 

6 

6 


7, 7, 8, 8, 8, 9 


10-6 

6 

6 


7. 7, 8, 9, 9, 11 


10-6 

6 

6 


8, 8, 9, 9, 9, 10 



IS 

18 

100 


8 4 

Scrum of Individual 7 plus virus dilutions 

10-6 

6 

6 


7, 7, 7, 8, 8, 9 [ 



6 

6 




10-6 

5 

5 





17 

17 



8.0 














































“■ «ro r. J, _ 

■F. 



tiat of tip rv, 7 ~ 

17 anr? iniinune to in - 

CO f at the sera rifit- Jf'-' ° =~e3 

of Individuals 2 a /i control InH' -j ^ snd 45 arp 

■Tutar .''■"'’“S "'.■ W aartt““‘’‘“«“= >0 a« ^■' ® ttat the 

individuals were “idiWduaig Th°”^ ®P^anjen of serum 

‘iible accord numbers -"'^na from 

collected Ja whether thn been ^^fferent 

*" ‘>'i«tion 2. ,°i' (Aos 1^,7^’?”-'®“= contaa tV"^ 

tt°e?r'' "’' “““Mitm i“' '“Si ffl' 



TABLE III 

Summary of Neutralization Tests 
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m icatcs that neutralization did not occur when the individual’s serum and the virus were mixed. 
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An examination of Table m reveals the follovring facts: No evi- 
dence was obtained to indicate that nationality and race determine the 
presence or absence of neutralizing properties of serum for louping ill 
virus. The sera of individuals sick of or recovered from nephritis, 
hypertension, arteriosclerosis, syphilis, carcinoma of the stomach, 
rheumatic heart disease, rheumatic fever, aplastic anemia, pneumonia, 
measles, pertussis, varicella, vaccinia, pseudobulbar palsj'', epidemic 
encephalitis, postinfection encephalitis, benign IjTnphocytic meningitis, 
do not neutralize the virus of louping HI. Although the age and sex 
of the persons from whom the sera were collected are not shown in the 
table, it can be stated that these factors have no apparent effect upon 
the presence or absence of significant neutralizing antibodies against 
the active agent. The striking fact obtained from a study of the 
results in the table is that dose contact of individuals with the vims 
is in some manner assodated with the appearance in their sera of neu- 
tralizing properties. For instance, of seven people who had been in 
dose contact vdth the active agent, five possess neutralizing sera. 
Of these five, three (Cases 1, 2, 4) had had encephalitis, one (Case 3) 
had been sick with an influenza-like disease, and one had not been 
consdously ill while working with the virus. Of ten individuals who 
might have had contact with the active agent but who had not worked 
with it, none possesses a neutralizing serum. Of 46 people who gave 
no history of contact vith the virus, only one. No. 38, possesses a serum 
with neutralizing antibodies and these upon repeated tests were found 
to be less active or less abundant than were those of the other positive 
sera. There is no obdous explanation of why this serum should have 
been positive. 


DISCUSSION 

Several interesting features of the cases presented in the first part 
of the paper deserve comment. It should be noted (Charts 1, 2, 3) 
that all of the patients had a pulse-temperature disproportion and that 
a small amount of blood was present in a number of the specimens of 
spinal fluid which the operators believed was not due to the trauma of 
the needle. One patient was thought to have had epidemic encephal- 
itis, two were considered to have had tuberculous meningitis. Since all 
of them recovered promptly and completely it is unlikely that these 
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diagnoses were correct. All of the physicians who examined the 
patients, however, agree that the individuals had an encephalitis. 
Two (Cases 1, 2) of the four patients had an influenza-like disease 
followed by a short period of fair health before the onset of symptoms 
and signs of encephalitis. A third patient (Case 4) was sick for 4 
days, although he continued to work, before the onset of the severe 
symptoms of encephalitis. The fourth patient (Case 3) had what 
seemed to be nothing more than a severe attack of influenza. It has 
been stated (8) that louping ill virus may at times produce in sheep an 
infection without much apparent involvement of the central nervous 
system. Consequently, one wonders whether the primary illness in 
three (Cases 1, 2, 4) of the patients and the illness of the fourth (Case 3) 
represent systemic infections which in three instances were followed 
by involvement of the central nervous system. In sheep and monkeys, 
ataxia due to involvement of the cerebellum is a prominent feature of 
louping ill. The cases presented in this paper evidenced no signs of 
ataxia. This fact, however, does not preclude the possibility tliat they 
represent instances of the disease in man. 

The question of whether the attacks of disease in man described by 
us represent instances of infection with louping ill virus now arises. 
In fact, one might suggest tliat they represent cases of encephalitis 
similar to those that occurred in St. Louis during the summer of 1933. 
This is not true, however, because sera from our cases, whidi neutralize 
the virus of louping ill, do not neutralize the St. Louis virus (9). 
Unfortunately, a definite answer to the question raised cannot be 
given, because louping ill virus was not recovered from any of our 
cases. Nevertheless, the circumstances under which they occurred 
and the results of the neutralization tests make it likely that they 
represent such an infection. If the cases represent louping ill infec- 
tions in man, the frequency with which tliey occurred in one labora- 
tory was probably due to the fact that the intranasal instillations of 
the virus in large numbers of mice, practiced in that laborator}’’, led to 
the exposure of the workers to large doses of the virus suspended in the 
air in droplets of moisture. 

The situation described by us is somewhat unique, because louping 
ill virus has been in America for only a short period of time, and, so far 
as is known, is to be found in only four laboratories. Therefore, the 
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facts obtained by means of our neutralization tests may be of signifi- 
cance in relation to certain general phenomena of immunity and for 
this reason may be interpreted in a broader ivay than merely as an 
attempt to diagnose the cases presented. For example, recently it 
has been suggested (10) that the neutralizing antibodies against 
poliomyelitis virus in the sera of adults who have not had obvious 
attacks of poliomyelitis are due to serological maturation instead of 
contact with or of subdinical infections with the virus. From the 
results of our experience with neutralization tests in connection with 
louping ill virus it appears that the antibodies which we demonstrated 
are not likely to arise in the absence of the active agent. 

SUMMARY 

Four instances of infection m man which are believed, because of the 
circumstances under which they occurred and in view of the results of 
neutralization tests, to represent cases of louping iU have been de- 
scribed. Evidence obtained by the neutralization tests is in favor of 
the idea that the antibodies against louping iU virus demonstrated in 
certain sera were most likely the result either of contact with or of 
infection with the active agent. 
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THE EFFECT OF CARROT FEEDING ON THE SERUIM 
PROTEIN' CONCENTRATION OF THE RAT* 

By ARTHUR L. BLOOMFIELD, M.D. 

(From ihc Department of Medicine, Stanford University Medical School, 

San Francisco) 

(Received for publication, February' 20, 1934) 

In a pre^^ous paper (1) it was suggested that the eating of large 
amounts of carrots might be followed by a lowering of the plasma 
proteins and the indirect evidence favoring this hypothesis was 
analyzed. The present experiments were designed to test the ques- 
tion more directly. 

Material and Methods 

The methods used in the prewous experiment^ were followed in the present 
work. In brief, young but mature white rats (150-220 gm.) previously on an 
adequate stock ration were placed on the experimental diet. After various inter- 
vals groups of four to she animals were e.xsanguinated under ether anesthesia, 
aliquot parts of serum from each were pooled and the total serum proteins were 
measured by the gravimetric method of Barnett, Jones and Cohn (2). 

The Experimental Diet. — In order to reduce the problem to its simplest terms 
the diet consisted exdusivcli' of carrots. The oxheart variety which is said to 
have a high content of carotene (3) was used although there was no special reason 
for this selection other than convenience. The carrots always came in fresh and 
had not been in storage. A liberal ration was placed in the cages every- 2nd day 
and it yvas estimated that each rat ate 60-100 gra. or more daily. Denton and 
Kohman (4) studied the nutritive properties of carrots and pointed out that they 
contain approximately 1 per cent of protein. Each rat, therefore, ingested about 
a gram (or a little less) of protein daily; how much of this was digested and ab- 
sorbed, and to what extent carrot protein is adequate for rats we cannot state. 
Carrots arc said to contain considerable quantities of water-soluble and fat- 
soluble vitamins as well as salts (Xa, Ca, Cl, P, Fc). Theoretically, therefore, 
they afford a ration not obviously inadequate from a nutritional standpoint, and 
in fact Denton and Kohman reported that rats on an exclusive carrot diet (except 
for the addition of salts) remained in apparently good health for as long as 16 
weeks. 


of 
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RESULTS 

The animals seemed to thrive on the carrot diet and they remained 
lively and ate well throughout the experiment even when ascites 
developed. Not a single animal died during the course of tlie obser- 
vations wliich extended over 21 weeks. There were none of the usual 
evidences of vitamin deficiency; the hair, skin and nails and eyes 
remained normal, and there were no signs of gastrointestinal or respir- 
atory tract disorder. The dystrophy of the hair which was previously 
noted in rats on a diet low in protein but othenvise adequate was not 
encountered in the present experiments. 

There was a prompt and progressive loss of weight (Figs. 1 and 2) 
for the first 7 weeks, after which there was only a gradual decline. 
The significance of the figures is somewhat obscured first by the huge 
amount of gastrointestinal content of the carrot-fed rats together with 
an actual hypertrophy of the tract and later (see below) by the de- 
velopment, in some animals, of collections of fluid. The whole gastro- 
intestinal tract (including contents) of the carrot rats weighed from 
25-40 gm. as against 10-25 gm. in the controls. The contents weighed 
10-15 gm. as against 3-6 gm. in the controls and the tract itself 
weighed 20-30 gm., an increase over normal of about 10 gm., probably 
due to work hypertrophy. 

No gross pathological changes -were evident in the viscera except 
tliat the livers, in a few of the rats -with ascites, appeared to be fatty 
they were pale and yellowish and the normal markings were indistinct. 
The mesenteric fat was well preserved in all but one animal. 

No signs of subcutaneous edema were noted. After the first few 
iveeks, however, the tissues (peritoneum, fascia, cut muscle) seemed 
moist in contrast to the controls. Five rats developed frank ascites 
and hydrothorax (see Table I). 

Changes in the Scrum Proteins 

The total blood volume as measured by exsanguination decreased 
as the animals lost weight. Because of the complicating factors of 
fluid accumulation and variable gastrointestinal residue no accurate 
correlation with weight could be made. The changes in concentration 
of scrum proteins arc shown in Table II and Fig. 3. It is seen ^hat 
there was a progressive lowering as time went by. The lowest figure 
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Fig. 2. Composite weight curves of rats 
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for pooled serum from a group of rats was 4.28 gm. per cent on the 145th 
day, but in individual animals (see Table I) values as low as 2.99 were 
obtained. 

Explanation of the Changes 

It may be accepted as a fact, then, that the concentration of serum 
protein falls in rats on an exclusive carrot diet and our next task is to 
attempt to explain this phenomenon. The point at issue, of course, 
is whether carrots exercise some positive serum protein-lowering in- 


TABLE I 

The Developmatt of Ascites in Rats on an Exclusive Carrol Diet 


Rat Ko. 

Duration 
of carrot 
feedins 

Initial 

weight 

Final 

weight 

Corrected 

weight 

Weight 

loss 

Senim 

proteins 

Remarks 


days 

M 


gm. 

percent 

[rr.. per 
cent 

1 

19163 

82 


170 

130 

30 

— “ 

Ascites = 20 cc. 
Hydrothorai == S cc. 

19161 

1 82 

204 

126 

no 

46 

— 

Ascites = 3 cc. 
Hydrothorax = 1 cc. 

19160 

61 

180 

120 

105 

42 

4.00 

.Ascites = 3 cc. 

19131 

63 

172 

132 

100 

40 

2.99 

Ascites = 15 cc. 
Hydrothorax = 7 cc. 

19190 

145 

190 

134 

109 

43 

— 

.■Ascites = 17 cc. 
Hydrothorax = 8 cc. 


fluence, and clearl}’- no such influence can be assumed until other and 
simpler explanations have been e.xcluded. 

Is the Hypoprotcincmia Due to an Inadequate Protein Ration ? — 
In a previous paper (1) we showed that rats kept on a diet which 
afTorded not more than 0.2-0.3 gm. of protein daily showed no signifi- 
cant drop in serum protein concentration over a period of 5 months. 
With the carrot diet the daily protein ration per rat was about 1.0 
gni. It seems unlikely, therefore, that lack of protein alone e.xplains 
the drop of serum protein in the carrot rats although it is by no means 
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Fig. 3. Relation of serum protein concentration of rats to the duration of 
carrot feeding. The number of rats in each group is indicated at the top of the 
chart. 
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certain that the animals actually absorbed an adequate amomit of 
protein complete for their needs. 

Is the Hypofroteineinia Due to Loss of Protein in the Urine? — 12 
hour total urines were collected from two lots of six rats each which 
had been on the carrot diet for 6 weeks. The average output of 
protein per rat for the two groups was 0.39 mg. and 0.67 mg. per 100 
sq. cm. of body surface — ^values two to three times normal (5) but 
evidently inadequate to accoimt for a significant lowering of serum 
protein. 

Is the Hypoproteinemia Due to Vitomin Deficiency or to Some Other 
Factor Which Renders the Carrot Diet Inadequate? — Regardless of 
theoretical considerations as to its nutritional value, the exclusive 
diet of carrots was, in fact, inadequate in the present experiments as 
evidenced by the rapid loss of weight which the rats underwent. A 
study of Fig. 3, furthermore, shows that while the serum protein level 
bore a general relationship to the duration of carrot feeding there are 
rather gross discrepancies. Two lots of rats both killed on the 61st 
day, for example, showed serum protein values of 4.45 and 5.13 gm. 
per cent respectively. These discrepancies are even greater if indi- 
vidual rats are considered. One wonders, therefore, whether the fall 
of serum protein after carrot feeding is a specific phenomenon or 
whether the eating of any inadequate diet which leads to marked loss 
of weight will not result in a similar h}q)oproteinemia especially if the 
diet is low in protein. 

To control this possibility rats were placed on various obviously 
inadequate diets (see below), the weight cur\'es were studied and 
the serum proteins were measured. Weight loss was rapid in every 
case (Fig. 2) and since the e.xperience of this laboratory has been that 
death occurs when the fat stores are depleted the animals were sacri- 
ficed when their weight fell to the \ddnity of 100 gm., which was con- 
sidered to be the danger zone. Aside from weight loss the animals 
appeared livelj- and normal and no lesions were found at autopsy. 
No \-isiblc edema or serous sac effusion developed in any of these rats 
in distinction to those fed on carrots. 

Did /. — Starch-lard mixture (starch 75 per cent. lard 25 per cent) 90 per cent 
casein tO per cent. This diet is defective in protein and in dtamins. There was 
rapid loss of weight (Fig. 2). Four rats were killed on the 85th day and four on 
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the 92nd day. The serum proteins of the two groups were 4.98 and 5.46 gm. per 
cent — an average of 5.22. 

Diet 2. — Starch-lard mixture 90 per cent, yeast 5 per cent, alfalfa 2 per cent, 
casein 3 per cent. This diet is defective in protein, but better supplied \nth 
vitamins than Diet 1. However, as with Diet 1 weight loss was rapid (Fig. 2). 
Five rats were killed on the 71st dajf and five on tlie 85th day. The serum pro- 
teins of the two groups were 5.26 and 5.20 gm. per cent respectively — an average 
of 5.23. 

Diet 3. — Starch 70 per cent, lard 11 per cent, casein 5 per cent, salt mixture 
4 per cent, cod liver oil 10 per cent. Weight loss Avas very rapid (Fig. 2) on this 
diet. The five animals were sacrificed on die 53rd daj*. The serum proteins 
Avere 5.57 gm. per cent. 


TABLE III 


Weight Loss and Serum Protein Level of Rats on a Diet of Starch and Lard 


Lcngtli of time on diet 

No. of rats 

lA'cight 

(per cent of original) 

Serum protein 

days 



gm. per cenJ 

16 

6 

84.9 

5.62 

19 

6 

74.4 

5.13 

28 

5 

67.8 

5.14 

35 

7 

69.5 

5.00 

35 

6 

67.4 

4.86 

42 

6 

67.6 

5.22 

45 

6 

64.2 

4.55 


Diet 4. — Starch-lard mixture 95 per cent, casein 5 per cent. The wciglit cun'c 
is shown in Fig. 2. Ten rats were killed on the 47th day, five on the 53rd dai’. 
The serum proteins of the tAvo groups Ai'erc 5.44 and 5.55 gm. per cent. 

Diet 5. — Starch-lard mixture 99 per cent, casein 1 per cent. The AA-eight cun-c 
is shoAATi in Fig. 2. Ten rats AA’erc killed on the 2Sth day. The serum proteins 
were 5.59 gm. per cent. 

Diet 6. — Stardi 75 per cent, lard 25 per cent. This diet Avas not only devoid 
of protein but grossly ill balanced and defcctii'e in regard to vitamins and salts. 
On it rats lost weight rapidly (Fig. 2) but there Avas no other e\'idcnt departure 
from health. No edema developed. A good many animals Ai-crc placed on this 
diet and the results arc summarized in Table III. 

In summary, tlien, rats on defective Diets 1 to 6 lost Aveight quite 
rapidly. In spite of the fact that tliey Avcrc not killed until death Avas 
imminent (as judged by Aveight loss) no animal in the Avholc scries 
became edematous. Furthermore with the exception of some of the 
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on the 101st da}' they appeared entirely normal except for loss of ^Yeight. There 
was no suggestion of edema or ascites and the organs were small but they ap- 
peared normal. There was considerable loss of fat. The composite weight cun’e 
is shown in Fig. 2 and the serum protein estimations are given in Table 

It is seen that there was practically no lowering of serum protein 
on the carrot powder diet in contrast to that obtained with fresh 
carrots. Since the obvious difference between the two was water 
content it was decided to do further experiments ^vith carrot powder, 


TABLE V 


Results of Feeding JO Per Cent Carrot Powder Suspended in 3 Per Cent Agar-Agar 


Rat No. 

Duration of artificial 
carrot feeding 

Ascites 

Hydrotliora.x 

Serum protein 


days 



im. fer cent 

24162 

23 

2.0 cc. 

Few drops 


24166 

23 

11.0 cc. 

2 cc. 


24175 

23 

Few drops 

— 

4..'i4 

24179 

23 

0.5 cc. 

— 

24264 

23 

2.0 cc. 

Few drops 


24279 

23 

0.5 cc. 

4 


24176 

42 

0.5 cc. 

— 


24178 

42 

2 . 0 cc. 

Few drops 


24154 

42 

2.0 cc. 

— 


24153 

42 

2.0 cc. 

Few drops 

4.64 

24177 

42 

2.0 cc. 

— 

24186 

42 

2 . 0 cc. 

— 


24163 

42 

1.0 cc. 

— 


24161 

42 

0.5 cc. 

< 



but to make tlie rats take as much water as they obtained with the 
whole carrot diet. To this end an artificial carrot was constructed as 
follows: 

The best grade of agar-agar was made up in 3 per cent solution in distilled 
water, and after cooling to about 60°C., 10 gm. of carrot powder were added to 
each 100 cc. The mixture was stirred in a mechanical kitchen mixer so as to 
get uniform distribution of the powder and it was then allowed to solidify in 
deep dishes. After hardening it was cut into blocks and placed in the feed boxes. 
Each animal ate from 50-100 gm. of this carrot-agar ration daily and hence 
ingested a large quantity of water. The composite weight curve shown in Fig. 2 
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dal factor rather than some spedfic constituent of carrots. Indden- 
tally it may be noted that the artifidal carrot offers a simple and cer- 
tain method of produdng hypoproteinemia in an animal other^vise in 
good nutritive condition, and we propose to use this technique for the 
study of further aspects of the subject. 

Finally it is of interest to correlate the carrot hypoproteinemia ndth 
clinical malnutritional disorders. It appears that a combination of 
factors is necessary in both cases; namely, an inadequate total caloric 
intake, an ill balanced diet, a defective protein ration and a large fluid 
intake. No one of these factors alone seems adequate to produce 
hypoproteinemia, at least with any constancy. 
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THE EFFECT OF A GROWTH-PROMOTING EXTRACT OF 
THE ANTERIOR PITUITARY ON THE EARLY 
GROYTTH OF THE ALBINO RAT* 

By A. M. TARGOW 

{From the Department of Physiological Chemistry and Pharmacology, The Uni- 
versity of Chicago, Chicago) 

(Received for publication, Febraan' 13, 1934) 

Data are here presented on the weight and water content of the 
various organs and parts of castrated male albino rats as influenced 
by the injection of an anterior pituitary growth-promoting extract 
during the greater part of the first 2 months of life. The data were 
accumulated in the course of another investigation (1) in which it was 
shown that a growth-promoting extract of bovine anterior pituitary- 
does not prevent the increase in gonad-stimulating content of the 
pituitary of the rat which occurs after castration (2, 3). It was felt 
that the data on the water content would throw additional light on the 
question of the composition of the tissues of rats and mice injected 
wth anterior pituitary extract as reported recently by several investi- 
gators (4-8), since these investigators in their analyses used the ani- 
mals in tolo without attempting, as indeed the magnitude of the task 
would forbid, to follow the changes in the separate parts and organs. 
In addition, it was thought that the data on the weight of the different 
organs and parts of the animals might jdeld some interesting informa- 
tion as to the early effects of an excess of anterior pituitary' gro-svth- 
promoting principle on the development of the young organism that is 
still rapidly growing. 

Inspection of the literature as to the effects of castration on the 
growth of the albino rat indicates that the castration of the animals of 
the early age here employed has not materially altered the results 
from what they' would have been had non-castrates been used. Stot- 
Ecnburg (9), using three different groups of male albino rats castrated 

• This work was supported in part by Biological Grant Xo. 12 of the Rocke- 
feller Foundation. 
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on the 14th or 15th day of life and carried up to tlie 143rd, 181st, and 
lS5th day of life, respectively, found that the growth curve for tlie 
castrates was practically the same as that for the normal animals. 
Hatai (10) castrated his animals at weaning or shortly after and 
reported that the castrates did tend to become smaller in weight and 
length than the non-castrate controls, but this difference was but 
slight after approximately 5 months. Van Wagenen (11) found like 
Hatai that male albino rats castrated at weaning did not maintain the 
weight and body length of their unoperated controls, but tliis failure 
was not always evident during the first 100 to 150 days of life; after 
this time there was an increasing divergence. Van Wagenen’s graphs 
of the average weight curves for castrates and non-castrates indicate 
that there was no divergence at all in the weight of her animals during 
approximately the first 50 days of life. 

The rats here employed were castrated at weaning and killed when 
the difference in weight between pituitary-injected and control groups 
had just become manifest. This was when the animals were approxi- 
mately 56 days old (youngest litter 53 days, oldest 59). It may be 
assumed, then, with some degree of confidence that so far as total body 
weight is concerned there was at this age but little difference, if any, 
in the growth of the castrates from what it would ha'v’^e been had they 
been normal animals. 


M atcrial and Methods 

The growth-promoting extract was prepared in accordance witli the method 
described by Bugbee, Simond, and Grimes (12). This method is essentially as 
follows; Whole beef pituitaries are used which have been placed on ice at the 
packing house as soon as possible after the death of the animals. The anterior 
lobes are dissected free from the surrounding tissues and shelled out. The result- 
ing anterior lobe tissue is ground as fine as possible and to this hash is added for 
every 100 gm. of tissue 400 cc. of 0.05 N sodium hydro.xide containing 2.5 per cent 
butanol. The mixture is put away to stand in the refrigerator overnight. The 
pH of the mixture is then brought down to 7.2 to 7.6 by the addition of 0.2 N 
acetic acid. Centrifugation for Vz hour throws down the insoluble residue. The 
cloudy supernatant liquid is warmed to 37°C. on the water bath and to every 100 
cc. is added 20 gm. of sodium sulfate. Again centrifugation for I'i hour separates 
precipitate and supernatant liquid. The precipitate is dissolved in an amount of 
0.02 N sodium hj-droxidc containing 2.5 per cent butanol so that 2 cc. of the re- 
sulting solution contains the material c.xtracted from 1 gm. anterior lobe tissue 
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(200 cc. of the sodium hydroxide solution for the precipitate from 100 gm. tis- 
sue). The gland residue remaining from the first extraction may be re-extracted 
with one-half the volume of sodium hydroxide used in the first extraction, and the 
sodium sulfate precipitation from this second extract added to the solution of the 
first extract. The resulting fluid is filtered through asbestos three times and finallj’ 
through sterile porcelain filters into suitable sterile containers, such as small glass 
ampoules or bottles. The material is then kept in the refrigerator until used. 

A total of 120 albino male rats was accumulated consisting of 30 litters, 4 mates 
to a litter. The a-nimalt; had at aU times access to food and water. Each litter 
was weaned on the 21st day of life and castrated on the same da}'. Injections 
were begun the same day or the day following, and were given subcutaneously, 
0.5 cc. twice daily. 1 animal in each group. A, received the growth-promoting 
extract. A 2nd a nim al in each group, B, received beef muscle extract prepared in 
the same way as the preceding. The other 2 animals remained as untreated con- 
trols. The injections were continued until the animals were, on the average, 56 
days old. At this time 3 animals from each litter were killed. These consisted 
of the one receiving the growth-promoting extract, the control receiving the beef 
muscle extract, and that one of the untreated controls which weighed the most. 
The latter animal thereby served as an untreated age control, AC. The smallest 
untreated control was allowed to grow until it had reached approximately the 
same gross weight as had its litter mate receiving the growth-promoting extract, 
at which time it was killed. This animal thereby serv'ed as a weight control, WC. 

The animals were disposed of as follows: Each animal was etherized, and 
through a midline incision the gut was drawn out exposing the inferior vena cava. 
With a large-bore needle and sj'ringe, blood was withdrawn from the vena cava 
until the heart had stopped beating. The vena cava was then transected and 
the remainder of the blood which came out and could be forced out by appropriate 
pressure was immediatel)’ taken up with weighed cotton swabs. The swabs were 
quickly placed into a weighing bottle kept closed, and when all swabs had been 
collected in the bottle they were reweighed. Likewise the needle and syringe 
w-ere weighed before and after collecting the blood. The gut was freed of its 
mesenteric attachments from esophagus to anus and discarded. The bladder 
was emptied of any urine present, using a small needle and s 3 -ringe. The edges 
of the wound were brought together and the animal was weighed. To this weight 
■was added the weight of the blood preriously removed, to give what was called 
the final weight of the animal. The animal was now stretched on its back on a 
sheet of white paper, the position of nose and anus marked off, and the distance 
between the marks measured. The average of sei-eral measurements for each 
animal was taken. The organs and parts were removed in the following order: 
spleen, adrenals, kidnej-s, liver, th>-mus, heart, lungs, th>Toid, skin, tail, pituitary. 
The non-funy portion of the skin was retained on the tail. The small amount of 
blood which came out following severance of the vessels to the organs was as 
before taken up with cotton swabs and weighed, and this weight added to that 
of the blood prc\iously removed. Each organ when removed was placed into a 
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weighing bottle containing filter paper previously weighed. The paper sensed to 
prevent the moisture of the organ from wetting the bottle; also, it sen-ed as a 
vehicle, b}' grasping one corner vuth a forceps, for transferring the organ back 
and forth. The adrenals, thjwoid, and pituitar)' when removed were washed in 
ph 5 '’siological saline, quickly dried on filter paper, and weighed directly on a 
torsion microbalance. The posterior lobe of the pituitary was plucked away im- 
mediately after the whole gland had been weighed, and the anterior lobe reweighed 
alone to give the weight of the posterior lobe bj-^ difference. The organs, still on 
the filter paper, were placed in clean beakers to dr}' in the oven at 100°C., and 
w'hen drj' were reweighed in the weighing bottles. The skin and carcass were 
placed to dry in the oven in previousl}’^ W’eighed beakers. Corresponding portions 
of litter mates were put in and removed from the oven at the same time. The 
so called constant weight was taken to be the point where the organs first began 
losing onl}" a few (1 to 3) mg. in 24 hours, since with organs of a size such as is 
found in the rat sucli a loss ma\’- keep up for days. The average length of time 
in the oven was for the smaller organs 5 da 3 's, for the larger 7 da)'s. 

In the treatment of the data, the method given bj' Fisher (13) is used because 
of its theoretical advantage over the usual method as far as the experimental 
set-up here employed is concerned. The usual method for determining whether 
or not the difference between two means is significant involves the use of the 
standard deviations of the means. Fluctuations in the value of the standard 
deviation of a mean maj'- be readilj’’ brought about bj’^ the introduction of items 
W'hich deviate widely from the mean. In biological work, wider variations may 
be expected to e.xist between non-litter mates than between litter mates. It is 
theoreticall}'^ possible, therefore, in an experiment in which the control group is 
made up of litter mates of the animals in the e.xperimental group, that small but 
constant differences existing between each e.xperimental animal and its litter 
mate control would be obscured by the wider variations between the non-litter 
mates in each group if the mean of the one group as a whole be compared with 
the mean of the other group as a whole. Fisher’s method obviates this possi- 
bility b}' dealing directli" with the differences existing between litter mates. For 
ease of calculation Fisher’s formula is recast as follows: 

^A.n * 

T h(h - 1) 


X • 

* The I of Fisher has the same meaning as the - of other statisticians but is 

O' 

more inclusive in that in its table for its distribution he includes those cases where 
f! is small (30 or less) whereas the usual tables for the distribution of - apply only 
where ii is large (30 to =). 
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where A = difierence between am’ two litter mates a and b in Groups A and B, 

Aa.B = = mean of algebraic sum of all the differences, 

n 

and 11 = number of differences between litter mates. 

Since this formula does not involve the use of the standard de\’iation, this is not 
given except for the data in Table I. Appended to the original data in each 
table are the so called P values which indicate whether or not the difference be- 
tween anj- two means is to be regarded as significant.* 

RESULTS 

Table I shows that the extract was potent in producing animals 
heavier and longer than the beef-injected and xmtreated age controls. 
{E.g., the P value 0.0001 for the difference between the means A and 
B indicates that there is but 1 chance in 10,000 of obtaining by random 
sampling alone a difference as great as the one observed; hence the 
difference is undoubtedly a significant one.) The weight controls 
are in turn heavier than the pituitary-injected group, but in nose-anus 
length these two groups are the same. The P value 0.06 for the differ- 
ence in nose-anus length between beef-injected and untreated age 
controls suggests that the former animals are somewhat smaller than 
the latter. 

Table 11 presents the average group weights of the various parts 
and organs. The data on the blood are the averages from 22 animals 
in each group instead of 30, the blood from the first 8 animals in each 
group having been discarded without weighing. The results are best 
summarized as follows: 

* A P value of 0.01 for the difference between any two means indicates that 
there is but 1 chance in 100 of obtaining again by random samph’ng alone a differ- 
ence as great as the one observed. Customarily, the P \-alue 0.01 is taken as a 
limit on one side of which (0.01 or less) it can be said that the difference obseiv'ed 
is undoubtedly significant, t'alues between 0.01 and 0.05 indicate lesser degrees 
of significance which must be interpreted with reference to other factors in the 
experiment. Values greater than 0.05 are not generally considered as indicating 
that a significant difference is present. This is a safe and conservative procedure 
to follow. Here, however, because of the x-aricty and interlocking of the data, 
values as high as O.OS have been interpreted as indicating a tendency toward a 
significant divergence where it was felt that there was a sound physiological basts 
for such an interpretation. The P ^•alue3 given in the tables here were obtained 
hy calculating from Fisher’s table of i a table of P corresponding to \-alues of t 
ranging by tenths from 0.1 to 6.0, for « •» 1,2,3. . .20 and =. 



704 


GROWTH-PROMOTING PITUITARY EXTRACT 


1. Adrenals, thymus, and spleen show no significant differences in 
weight throughout the four groups. 

2. The weight of the heart and skin of the beef-injected animals in 
Group B is significantly decreased in comparison to that of the un- 
treated age controls in Group AC. This adds considerable strength 
to the suggestion seen in Table I that the animals in Group B tend to 
be somewhat smaller in nose-anus length than those in Group AC. 


TABLE I 


Average Final Weight and Length of Animals 



Body weight 

Nose-anus length 


fm. 

mm. 

Group A (pituitary-injected) 

146.7 ± 23.0 

185.8 ± 8.7 

Group B (beef-injected) 

129.9 ± 15.4 

178.6 ± 6.2 

Group AC (untreated age controls) 

133.9 ± 20.7 

180.5 ± 7.6 

Group WC (untreated weight controls) 

151.4 ± 22.9 

185.1 db 9.2 

A, B 

0.0001* 

0.0001 

A, AC 

0.002 

0.0001 

A, WC 

0.002 

0.23 

B, AC 

0.16 

0.06 

B, WC 

0.0001 

0.0001 

AC, WC 

0.0001 

0.003 


* This means that there is but 1 chance in 10,000 of obtaining again as a result 
merely of the sampling process a difference between the means for Group A and 
Group B as great as the one here observed. 


3. The increased weight of the pituitary-injected animals in Group 
A over that of the untreated age controls in Group AC is reflected in 
the case of the heart, lungs, liver, kidneys, blood, tail, and probably 
also the carcass. 

4. Heart, lungs, liver, kidneys, and blood of the pituitary-injected 
animals c.xcced in weight the corresponding organs of the weight 
controls. 

5. The increased weight of the weight controls in Group WC over 
the pituitarj'-injected animals in Group A is manifested chiefly in the 
carcass and probably also in the skin; too, the thyroid and pituitary 
of this group are heavier than in the pituitarjMnjccted. 






TABLE H 
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6. The pituitary gland in the pituitary-injected animals is smaller 
in weight than in any of the other groups. Only after this trend of the 
data from the first half of the animals was noticed were the separate 
weights of the two lobes determined, so that the averages of the two 
lobes pertain to 16 animals in each group instead of 30. This number 
is sufficient to show that the decrease in weight of the anterior lobe is 
unquestionable. In view of this, it is probable that the posterior lobe 
is also decreased in weight, but a larger number of animals would be 
necessary to make this difference in weight as definite as it is for the 
anterior lobe. 


TABLE III 


Average JVa/er Coitlcni of Parts and Organs {Per Cent of Fresh Weight) 



Thymus 

Heart 

Lungs 

Spleen 

Liver 

Kidneys 

Tail 

Skin 

Carcass 

Group A 

79.9 

78.8 

80.4 

77.1 

72.0 

74.4 

62.8 


71.9 

Group B 


78.6 

80.4 

78.4 

71.7 

73.9 



wnrm 

Group AC 

80.1 

78.3 

80.1 

77.9 

72.2 

73.9 




Group WC 

79.4 

78.3 

79.6 

78.0 

73.2 

73.8 


55.2 

71.7 

A, B 

m 

0.76 

0.37 

0.13 

0.76 

0.004 


0.008 

0.07 

A, AC 

ia 

0.48 

0.62 

0.84 

0.84 

0.002 


0.0001 


A, WC 

0.009 

0.32 

0.0001 

0.32 


0.003 



0.5 

B, AC 

mM 

0.72 

0.69 

0.32 


0.76 

uQH 

oRja 

0.33 

B, WC 

RnaQ 

0.84 

0.0001 

0.48 


0.48 



0.004 

AC, WC 

0.0001 

0.92 


0.48 


0.62 

HI 

0.92 

0.09 


Table III gives the average water content of the various parts and 
organs. The pituitary-injected animals show a significant increase in 
water content of kidneys and skin in comparison to the other groups. 
However, the skin of the beef-injected animals shows also an increased 
hydration in comparison to the skin of the age controls and weight 
controls. The weight controls show less water than all the other 
groups in thymus, tail, and lungs. 

In the attempt to analyze furtlier the nature of the increased hydra- 
tion of the skin and kidneys of the pituitary-injected animals the data 
of Table IV were worked up. This shows that the increased water 
content of the kidneys of the pituitar>'-injected group is not solely 
responsible for the increased weight of these organs since there has 
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been at the same time a definite increase in dr)’- matter. But this is 
not so in the case of the skin. Here the dry weight in the pituitar)^- 
injected group tends to be less, if anything, than in the imtreated age 
controls; it is about the same in amount as in the beef-injected group, 
■which similarly shows a decreased amount of dry matter in comparison 
to the age controls. In other words, both pituitar)^-injected and 
beef-injected animals show the same type of change in the skin with 
respect to the imtreated age controls: an increase in the water content 
and a decrease in the amormt of dry matter. 

TABLE IV 


Dry Weight of Kidneys and Skin 



Kidueys 

SHn 


STT., 

fK. 

Group A 

0.327 

12.67 

Group B 

0.282 

11.94 

Group AC 

0.286 

14.02 

Group WC 

0.308 

15.13 

A,B 

0.0001 

0.29 

A, AC 

0.0001 

0.02 

A, WC 

0.005 

0.003 

B, AC 

0.48 

0.01 

B, WC 

0.005 

0.001 

AC, WC 

0.005 

0.12 


DISCUSSION 

Of the investigators referred to at the beginning of this paper, Downs 
and Ceiling, Bierring and Nielsen, and Lee and Schaffer agree that the 
tissues of pituitaiy^-injected animals show an increased hydration in 
comparison to controls. Wadehn alone finds that his injected mice 
show no increase of water in their tissues. According to Wadehn, 
this difference is due to the fact that he prepares the growth principle 
by precipitation from e.xtracts which have been carefully dialyzed free 
from electrolytes. This method, he feels, jaelds a preparation purer 
than that used by previous investigators, and he attributes the h3'dra- 
tion effect obtained by Downs and Ceiling to the presence in their 
extracts of an “antidiuretic” principle. 
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The extract used here is one that is essentiall}'- similar to the ones 
used by investigators other than Wadehn, and tlieir finding that sucli 
an extract causes an increased hydration is confirmed. This in- 
creased hydration, however, is shown here to be confined to the skin 
and the kidneys, and is not a generalized affair. 

Moreover, it is probable that in the case of the kidneys the increased 
hydration is only apparent. It does not seem likely that we can be 
dealing here with a true interstitial or intracellular retention of water. 
The histological structure and functional nature of the kidney makes 
it difficult to conceive of such an occurrence. More likely, what was 
measured here was really an increased amount of urine in the kidney 
tubules subsequent, no doubt, to an increased food and water intake. 
That the food intake of the pituitary-injectcd animals was greater 
than in the weight controls is suggested by the fact that despite the 
care taken to kill off the weight controls when they had readied ex- 
actly the same gross weight as the pituitary-injected animals, the net 
weight of the weight controls after the gut had been stripped away 
was greater than tliat of the pituitary-injected animals, indicating that 
the gut contents of the latter must have been greater. On the other 
hand, part of this difference in weight may liavc been due to an 
increase in size and weight of the gut itself. 

At any rate, it appears that actually there is but one organ in the 
pituitary-injected animals that shows an increased amount of water 
and that organ is tlie skin. Moreover, this increased hydration has 
been produced without an increase in total weight of the skin in 
comparison with the weight of the skin in the untreated age controls. 
It .seems highly improbable that the same principle that would cause 
this type of change in the skin would effect the increase in weight 
without an accompanying increase in hydration that is observed, for 
example, in the case of the heart. Further, there is in the increased 
hydration of the skin of the beef-injected animals the suggestion that 
at least part of the skin hydration of the pituitary-injected animals 
may be non-specific. 

All in all. it appears that the data of this experiment might reasonably 
be interpreted as favoring Wadchn’s view that the increased hydration 
observed in the tissues of animals injected with anterior pituitary 
extracts is not due to the growth principle. But the question as to 
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whether or not the hydration is produced by a specific water balance 
principle remains unsettled, since there is evidence that at least part 
of the increased hydration of the skin noted here is due to a non- 
specific factor or factors. 

The fact that the beef-injected animals show in comparison to the 
, untreated age controls a tendency toward a smaller nose-anus length 
and a significantly smaller heart and skin suggests that the beef- 
muscle extract exerted a mildly deleterious effect on the growth of the 
animals in this group. 

The decreased weight of the pituitarj"- gland in the pituitary- 
injected animals may be explained as due to the fact that the paren- 
teral injection of the growth principle rendered unnecessaiy^ the pro- 
duction by the gland cells of as much of the principle as they would 
otherwise have had to produce so that we are dealing here at least 
to some extent with a process akin to the atrophy of disuse. 

By the use of weight controls in this experiment it is demonstrated 
that the increase in weight of the heart, lungs, liver, and kidneys of the 
pituitary-injected animals constitutes a true splanchnomegaly, since 
these organs in this group are significantly heavier than the corre- 
sponding organs in the weight controls despite the fact that the total 
body weight of the latter is greater. It has thus been possible to 
reproduce experimentally during what might be termed the prepuberal 
or early puberal life of the rat two characteristics of hj'perpituitarism, 
\nsceral and skeletal overgrowth, which are in man not seen until the 
onset of adult life. As far as I am aware, the simultaneous production 
of these two consequences of an excess of anterior pituitary substance 
at so early an age has not hitherto been reported. 

How is the increase in weight of the blood removed from the pitui- 
tarj'-injected animals to be interpreted? It may simply mean, of 
course, that the vessels in these animals were more dilated than they 
were in the controls so that more blood could be removed by the 
method employed. More attractive, however, is the hj-pothesis that it 
represents actually an increase in the amount of the vascular bed, 
since from this hj-pdthesis one may draw the inference that this in- 
crease in vasculature may be a primarj- effect of the growth-promoting 
principle, and the \isccral and skeletal growth secondary to this. 
The actual meaning of the phenomenon remains, of course, to be 
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demonstrated by further experimentation, and work is now under 
way in which is being studied in greater detail the effects of anterior 
pituitary extracts on the blood and cardiovascular system. 

SUMMARY 

Castrate male albino rats were injected rwtli a growth-promoting 
extract of bovine anterior pituitary from the 21st day of life (day of 
castration) to the 56th day (average for group) at which time the 
difference in weight between the pituitary-injected animals and con- 
trols was first clearly discernible. In comparison to controls the 
pituitary-injected animals at this stage showed: (1) a decrease in the 
weight of the pituitar}'- gland; (2) an increase in nose-anus length; 
(3) an increase in the weight of heart, lungs, liver, and kidneys which 
is shown to be of tlie nature of a splanchnomegaly; (4) an increase in 
the weight of the blood removed; (5) an increase in the water content 
of tlie skin and the kidneys; (6) a tendency toward an increase in 
weight of the carcass. The significance of these findings is discussed. 

I wish to express my appreciation to Dr. Sewall Wright of the 
Department of Zoology for his advice concerning the statistical 
treatment of the data. I am very grateful to Miss Helen Goldfield 
for her aid with the labor of the calculations. I am especially indebted 
to Professor F. C. Koch of this department for his unfailing and 
heartening assistance whicli made it possible to complete this work. 
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OBSERVATIONS ON THE BLOOD CYTOLOGY IN EXPERI- 
MENTAL SYPHILIS 

I. The Period of Disease Activity 

By PAUL D. ROSAffiSr, M.D., LOUISE PEARCE, il.D., AM) 

ALBERT E. CASEY, M.D. 

(From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, Febniarj' 24, 1934) 

Among the outstanding features of the blood picture in experimental 
syphilis of the rabbit, Pearce (1) has reported the foUovdng: A slight 
increase in the total ■white count; unchanged or lowered lymphocyte 
values during the earlier phase of the disease, ■with increased values 
during the period of regression and healing of lesions; and a marked 
increase in the number of monocytes during the period of disease 
acti^vity. These findings were presented in terms of percentage de- 
■viation from preinoculation mean values, and the results, which were 
considered from the standpoint of the clinical course of the disease, 
were charted "with particular reference to the time in weeks after 
inoculation. 

With these observations as a backgroimd, and in connection ■v\-ith 
our investigations of various aspects of host reactions to environmental 
influences, including disease conditions, the study of the blood of syph- 
ilitic rabbits was continued. Special attention was again paid to 
the cytological levels during the active phase of the disease as com- 
pared ■with preinoculation values, while additional comparisons were 
made ■with the findings in normal rabbits during the same period. 
Furthermore, observations were also made in the period of latency 
when all clinical manifestations of the disease have healed and the 
animal appears to be “normal.” The results of this study are re- 
ported in this and the subsequent paper (2). In the latter paper (2), 
a comparison is made between the cj’tological findings in e.xperimental 
and human sj^ihilis (3). 
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values for the 63 counts on the control group during the preinoculation period 
were compared with the means for the 135 counts on the same group during the 
postinoculation period, (4) A last comparison was made between the mean values 
in the postinoculation period for the 105 counts on the experimental group and 
the 135 counts on the control group. At the time these experiments were begun, 
platelet counting was not a routine part of our hematological procedure and plate- 
let determinations were not made everj- week. We have, however, 19 platelet 
counts on the experimental group and 27 counts on the normal control group 
made on the same daj-s of 3 consecutive weeks in the preinoculation period. 
These are compared in the same manner as the other blood elements with 42 
determinations on the experimental group and 54 on the control group made 
on the same da 3 -s and during the same 6 weeks of the postinoculation period. 

The usual statistical procedures were employed for calculating the standard 


TABLE I 

Analysis of Blood Examinations 


Group 

Premoculation period 

Oct. 2 to Nov. 13, 1930 

Postinoculation period 

No%% 14, 1930, to Feb. 26, 1931 

No. of 

No. of ei- 
aminations 

No. of 
counts 

No. of 
animals 

No. of ex- 
aminations 

No. of 
counts 

Experimental 

7 

7 

49 ' 

7 

15 

105 

Control 

9 

7 

63 

9 

15 

135 






error of the mean and the standard error of the difference of the mean. For the 
purposes of this paper, a difference is considered significant when the probability 
of its occurrence by chance is less than 1 in 100 (t = 2.5, P = 0.01). 

EEStJLTS 

The results are indicated by the data given in Tables n and m 
in which are presented the mean blood cell values obtained from all 
counts on the experimental and control animals during the preinocula- 
tion and postinoculation periods. Text-fig. 1 represents these values 
graphically. 

A comparison of the mean values for the two groups in the preinocu- 
lation period revealed no significant differences. (Red blood cells: 
Difference = 180,000 ± 132,000; / = 1.4. Platelets: Difference = 
0 ± 42,000. WTiite blood cells: Difference = 307 ± 366; t = 0.8. 
Neutrophils: Difference = 9 i 235; / = 0.04. Basophils: Differ- 
ence = 66 ± 101; / = 0.7. Eosinophils: Difference = 28 ± 31; 
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t = 0.9. Lymphocytes: Difference = 251 i 211; t = 1.2. Mono- 
cytes: Difference = 26 ± 63; ^ = 0.4.) 

The changes in the blood cytology after inoculation are evident by 
comparing the mean values for the experimental group in the postinoc- 


Total white blood cells Neutrophils 



Prcinocolaii^Tl)stinoculation I^einocalalionjlbstifiocuLatjon 




I Experimental 
I I Normal control 

Text-Fig. 1. The blood cytologj- in the active phase of e.xperimental sj-philis. 
Mean blood ceU values for all counts on the experimental and control groups in 
the preinoculation and postinoculation periods. 


ulation period with the mean findings for the same group in the pre- 
inoculation period. After inoculation, there was a significant increase 
in the total white cell count, the platelet count, and the absolute num- 
bers of neutrophils and monocj'tes, but the total red cell count and the 
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= 1,627 ± 214; t = 7.6, P = 0.01-. BasopWls: Difference = 219 ± 
55; i = 4.0, P = 0.01-. Eosinophils: Difference = 48 ± 17; / = 
2.7, P = 0.01-. Lyraphoc}i;es: Difference = 917 ± 116; t = 7.9, 
P = 0.01-. Monocytes: Difference = 531 db 53; / = 9.9, P = 
0 . 01 -.) 

DISCUSSION 

For the purpose of this analysis, the mean of all counts on the ex- 
perimental group during the 3| month period after inoculation -svas 
taken to represent the findings during the active phase of the disease. 
In the great majority of rabbits inoculated intratesticularly with such a 
strain of Tr. pallidum as the Nichols’ strain, this period covers the time 
of active clinical manifestations of the infection; that is, the primary 
orchitis, critical edema, metastatic orchitis, and generalized lesions. 
No attempt was made to correlate the various clinical stages of active 
S3rphilitic infection and the blood cell values during these stages. 
This was done in the preliminary report of Pearce previously re- 
ferred to, in which the findings were charted with particular reference 
to the time in weeks after inoculation and to the clinical course of the 
disease. A future publication wriU discuss this matter in greater detail. 
The trends of the various blood cells during the 3| month period after 
inoculation may have described up and down swings, but the mean 
represents in general the several blood cell levels during the clioically 
active course of the disease since all the animals of the group presented 
some clinical evidence of infection at the end of the observation period. 

The use of control animals counted at the same time as the experi- 
mental group served the purpose of indicating that the changes ob- 
serv'ed after inoculation may be ascribed to the disease rather than to 
spontaneous variations with time. Thus a change in the mean cell 
level of the experimental group after inoculation was considered to be 
significant when the following conditions were fulfilled: First, the 
mean value in the postinoculation period must be significantly differ- 
ent from the mean value in the preinoculation period, and second, the 
mean value in the postinoculation period must be significantly differ- 
ent from the mean value obtained in the control group in the postinocu- 
lation period, and furthermore, this difference must be in the same 
direction as observed in the first condition. These requirements were 
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postinoculation period the mean value for the inoculated group was 
significantly lower than the preinoculation mean value. In the same 
time interval, however, the mean value for the control group also was 
significantly lower than the control preinoculation level. Thus both 
experimental and control groups described identical changes in time, 
and consequently it is probable that this change may be interpreted 
as a result of adaptation to environmental conditions. It is quite 
possible, however, that the change in the red cell counl after inocula- 
tion represents an actual decrease which lacks significance in the 
present analysis only because of the comparatively small statistical 
sample. On the same basis, significant changes in the eosinophils and 
basophils might be demonstrated in a larger sample. 

With respect to the changes in the total white cells and the neutro- 
phils, lymphocytes, and monocytes, these findings confirm the obser- 
vations of Pearce. The tables published by Bessemans and Lambin 
(6) indicate that their S3q)hilitic rabbits showed a higher relative 
number of neutrophils and monocytes and a lower relative number of 
lymphocytes than the values which they obtained in a study on the 
blood cytology of normal rabbits. The authors, however, did not 
draw attention to this aspect of their investigations. 

Of particular interest is the marked increase in the number of circu- 
lating monocytes during the period of disease acti\’ity. Supramtal 
studies have demonstrated the presence of large numbers of monoc\*tes 
in tissue scrapings from actively developing syphilitic lesions (4). 
The increased numbers of monoc3q;es in the peripheral blood and local 
lesions of sjqjhilitic rabbits indicates that they are an important partic- 
ipant in the cellular reaction to Tr. pallidum. An occasional clas- 
matocyte was seen in the peripheral blood, but this finding was too 
infrequent to be of significance in the present studj*. 

SUMMARY 

Weekly observations were made on the blood cy-tologj'- of seven 
s>q)hilitic and nine normal control rabbits. Each animal was cx- 
amined seven times prior to and fifteen times after inoculation of the 
experimental group. Comparisons were made between the mean blood 
cell values obtained from all counts on the e.xperimental and control 
groups in the preinoculation and postinoculation periods. 
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The mean blood cell formula of the syphilitic group for the 3| month 
period after inoculation was significantly different from the preinocu- 
lation mean values observed in the same group in the following re- 
spects : higher total white cell count, platelet count, neutrophil count, 
and monocyte count, and lower l 3 nmphocyte count. 

The mean blood cell formula of the syphilitic group for the 3| 
month period after inoculation was significantly different from the mean 
blood cell formula of the normal control group in the same time inter- 
val in the following respects: higher total white cell count, platelet 
count, neutrophil and monocyte counts, and lower lymphocyte count. 

From these results it was concluded that during the period of dis- 
ease activity, the blood cytology of rabbits infected with Tr. pallidmn 
is characterized by an increase in the total white cell count, the plate- 
let, neutrophil, and monocyte counts, and a decrease in the lympho- 
cyte count from normal values. These changes were statistically 
significant. 
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OBSERVATIONS ON THE BLOOD CYTOLOGY IN EXPERI- 
MENTAL SYPHILIS 

11 . The Period of Disease Latency 
B v PAUL D. ROSAHN, M.D. 

(From the Laboratories of The Rochefeller Institute for Medical Research) 
(Received for publication, Februan' 24, 1934) 

It has been demonstrated (1,2) that marked alterations take place 
in the blood c>dology of syphilitic rabbits in the postinoculation period 
of 3 to 5 months, during which the disease is clinically characterized 
by the development, regression, and healing of primary and generalized 
lesions. Among the outstanding changes observed were an increase 
in the total white ceU coimt, the platelet count, and the absolute 
numbers of neutrophils and monocytes, and a decrease in the number 
of lymphocytes. In connection with our studies on the biology of 
syphilitic infections, observations were made to determine the blood 
cell levels of infected animals after the complete spontaneous healing 
of lesions; that is, in the period of latency when there is no clinically 
demonstrable evidence of infection. It was found that the red blood 
cell cotmt and the hemoglobin in per cent of rabbits with latent syph- 
ilis were both significantly lower than normal values; other signifi- 
cant differences were not noted. These observations, together with a 
brief comparison of the blood cytology in experimental and human 
syphilis, are presented in this report. 

Material and Methods 

Careful cUnical examinations of a large group of sj-phOitic animals were made, 
and those rabbits selected for blood cytology studies which had been inoculated 
at least 5 months previousb" and which presented no clinical e\idence of infection. 
Thirty-five animals from among our stock fulfilled these requirements at the time 
this investigation was in progress, and a study of their blood cvTologj- fon^ the 
basis of the present report. 

The 35 rabbits were all bred in this laboratory and comprised 10 hvbrid crosses 
and 25 standard bred animals. The latter were distributed according to breed 
as follows; 6 Dutch, 6 Ha\-ana, 5 Himala%-an, 5 English, and 3 Polish. Each 
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DISCUSSION 

Experimental syphilis of the rabbit under the usual conditions of 
intratesticular inoculation with a strain of Tt. pallidum such as the 
Nichols’ strain, is clinically manifested by the production of a primary 
orchitis, metastatic orchitis and generalized lesions. In our experi- 
ence an orchitis of the inoculated testicle develops in all instances, 
while the incidence of metastatic orchitis in a group of inoculated 
animals varies from 80 to 100 per cent and the incidence of generalized 
lesions varies from 40 to 100 per cent. In a large majority of cases 
the tissue reaction with the production of lesions takes place within a 
2 to 3 month period following inoculation after which there is a regres- 
sion of all lesions and finally complete healing. With the appearance 
of this stage there is established a period of latency so far as clinical 
evidence of the disease is concerned, but the a nim al stiU harbors in- 
fective spirochetes as can be demonstrated by subinoculation of lymph 
node tissue. In a certain proportion of animals, the period of latency 
is interrupted by one or more periods of clinical relapse with the 
production of lesions. Ultimately, however, a state of permanent 
latency is reached in the vast majority of animals. 

All the animals of the present experiment had passed through the 
period of lesion activity, and at the time of the blood studies the 
disease in all was latent. A primary orchitis had developed in all 
animals, and the disease in the group can be characterized as of mod- 
erate severity varying in individual animals from a very imld disease 
with no generalized lesions to a very severe infection with many 
generalized lesions . 

Previous studies (1, 2) have demonstrated that the active period of 
experimental syphilis of the rabbit is associated with changes in the 
blood cytology which include an increase in the total white cell count, 
platelet count, and numbers of neutrophils and monocytes, and a 
decrease in the number of lymphocytes. These changes were shown 
to be of statistical significance. From the present study it is seen that 
when the period of latency has been established, these blood cell 
elements return to normal levels but the red blood cells and hemoglobin 
arc significantly depressed. The depression of the red cells is of 
increased significance since the blood c.xaminations were conducted in 
April and ilay, September and October. Observations on the sea- 
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A parallelism was observed between, the blood cell changes of the 
experimental disease after spontaneous regression of lesions, and the 
cell changes in the human disease after treatment. This parallelism 
lends additional weight to deductions drawn from the experimental 
disease as apphed to human syphilis. 
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STUDIES ON PSEUDORABIES (INFECTIOUS BUXBAR 
PARALYSIS, MAD ITCH) 


n. Routes op Ineection in the Rabbit, i\hth Rehaeks on the 
Relation of the Virus to Other Viruses Affecting 
THE Nervous System 


By E. WESTON HURST, M.D., D.Sc., M.R.C.P. 

(From the Department of Animal and Plant Pathology of The Rock^eller Institute 
for Medical Research, Princeton, N. J.) 

(Received for publication, Llarcb 6, 1934) 

In a previous communication (Hurst, 1933) the histology of pseudo- 
rabies in the rabbit has been considered. VTiile clearly possessed 
of neurotropic affinities, in this animal the virus does not behave as a 
strict neurotrope, but produces intranuclear inclusions in cells derived 
from any embrj'onic layer. It is interesting now to compare, from 
the experimental standpoint, the manner of spread of this virus with 
that of the more purely neurotropic viruses (poliomyelitis, rabies, 
Boma). 

Technique 

The incubation periods in four rabbits inoculated subcutaneously rvith 1 cc. 
of the supernatant fluid from a 10 per cent unglycerinated brain suspension lasted 
51, 52, 54 and 57 hours respectively. WTth amounts of suspension near the 
minimal infecting dose, or with ver>' old glycerinated material, the incubation 
period may be 8 daj^s or longer. In all the passage experiments listed in the 
following tables fresh material was employed, and a long incubation period was 
taken as indicating the presence of a m in im al amount of ^-irus; except where 
otherwise stated 1 cc. of a 10 per cent suspension constituted the test dose. 

The minimal infecting dose of the Iowa strain of virus was determined for 
rabbits by Shope (1933) to be not greater than 0.01 mg. wet brain for intracerebral 
inoculation, and 0.1 mg. for subcutaneous inoculation. Recent tests indicate 
that the latter dose lies between 0.1 and 0.01 mg., and is often nearer the second 
figure. \\Ticre exact amounts of virus are mentioned in the ensuing experiments 
the inoculum v,-as titrated for potency- at the lime of use and the quantities are 
stated in terms of the minimal dose for subcutaneous inoculation. Dr. M. H. 
Merrill has found the minimal subcutaneous infecting dose of the .Aujeszkv virus 
employed to lie between 0.05 and 0.025 mg. wet brain. 
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and the virus content of various parts of the central nervous system. 
After injection into the flank, abundant \drus may exist at the corre- 
sponding level of the spinal cord, less in the cervical and lumbar cords 
(R 5) and little or none in the cerebral cortex (R 2 and 5). "With 
inoculation in the leg, virus is present in greatest quantity in the 
sciatic nerve and lumbar cord (R 1, 3, 4), and in dimini shing amounts 
at higher levels. As already recorded (1933), death occurs with a 
comparatively low concentration of virus in the medullary centers. 
While in the cord the differential distribution of virus is, of course, 
most evident when itching first begins, ix. soon after the virus has 
reached the spinal ganglia and segments corresponding to the local 


TABLE n 

Distribution of Iowa Virus Following Intracerebral Inoculation into Rabbits 
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lesion, the cerebral cortex may still be uninfected at death (R 4). 
These findings forcibly suggest an ascending infection by the nervous 
pathway. 

After intracerebral inoculation (Table 11) virus is again present 
inconstantly and in small amount in the blood, spleen and lungs. 
Diminishing quantities down the nervous axis and absence from the 
sciatic nerve reverse the distribution indicated in Table I. It is now 
e\ndent that the sterility of the cerebral cortex in the preceding experi- 
ments does not betoken insusceptibility of this part of the nen'ous 
system to the action of the virus. 

Further e\ndence in favor of spread by the neivous route is afforded 
in Tables m and IV. The salivarj- glands are often infective after 
intracerebral inoculation or after subcutaneous inoculation into the 
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that using 5 cc. as the test inoculum the blood is uninfective at 1/2, 
6 and 12 hours after subcutaneous inooilation; from about 24 hours 
onwards uniformly positive results are obtained. The detection of 
virus, at a rather later stage, in only that part of the nervous system 
directly connected with the site of inoculation (R 70-72) suggests that, 
as is the case with the Iowa strain, nervous infection is brought about 
by the neural route, and not, as previous observers (Schmiedhoffer, 
1910; Remlinger and Bailly, 1933) have held, by the circulation. 
This conclusion is supported by the histological findings. It will be 
noted that the virus appears in the cord at a much earlier period than 
does the Iowa strain. 

Effect of Neroe Section on ilie Course of Infection Follounng Subcutaneous 

Inociilation 

If in the case of the Iowa virus introduced subcutaneously spread is 
possible only by the nervous route, ablation of the nerve supply 
beforehand should prevent infection. Bertarelli and Melli (1913) 
claimed that in some cases tying or removal of a part of the nerve 
protected against inoculation of the peripheral segment. 

In the present investigation six rabbits underwent removal of over 
an inch of the sciatic nerve of one side, and four of the sciatic and 
femoral nerves of one thigh. Ether was the anesthetic employed. 
Immediately after closure of the wound (sealed with collodion), 
or after an interval of 3 weeks from the date of excision, virus w'as 
inoculated subcutaneously in the dorsiun of the denervated foot. In 
all cases a lengthened incubation period was noted, but finally eveiy 
animal died (Table W)- One scratched the site of operation in the 
thigh, four scratched areas unrelated to the excised nerve (opposite 
flank or opposite hind limb) and five died suddenly without having 
scratched. Three of the last group were examined for the presence 
of virus in the cord and medulla, with positive results; virus was also 
present in the lungs, spleen and blood. 

The conclusion seems unavoidable that in the absence of nervous 
connections the Iowa virus may reach the nervous system through 
the medium of the blood. The following experiments reveal, however 
the interesting fact that this spread is not direct. 
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Distribution of Imva Virus Follmving Intravenous Inoculation of Massive Doses into Rabbits 
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to the sterility obtaining for a much longer time after subcutaneous 
inoculation. 

Virus is usually absent from the nervous system until late in the 
incubation period. In three rabbits killed in the presymptomatic 
stage (R 59, 60, 61) the cord was infective before the medulla or 
cerebral cortex. In two during the period of the developed disease 
(R 62, 31) the infectmty of the medulla was equal to or greater than 
that of the cord; these animals did not itch. In one case (R 29) the 
reverse obtained; this animal itched. In two fatal cases (R 29, 31) 
the cerebral cortex was still uninfected at death. 

This irregular distribution of vims throughout the nervous system 
does not suggest infection directly from the blood. It has already 
been seen that at the 2nd hour no virus has, apparently, settled in the 
nervous tissues. Moreover, if infection of the nervous system oc- 
curred at the time of introduction of the virus, in addition to the lesions 
constantly found after intracerebral inoculation we should expect a 
shorter incubation period, since minute amounts of virus must be 
inoculated intracerebrally to give an incubation period of over 50 
hours. If longer incubation were attributable to delay in passage 
of virus through, say, the capUlary walls, lesions in the endothelial 
cells might be expected; the absence of any lesions in the brain or 
brain stem has already received comment. 

On the other hand, if from the foci of infection obviously established 
in various viscera during the first few minutes after inoculation virus 
were to spread by the nervous route, the findings are readily explain- 
able. In the majority of cases, owing to proximity to the viscera, 
the spinal cord and ganglia would be first infected, lesions produced 
here and referred itching evoked. Thus we might explain the observa- 
tions in the case of R 29. In other cases spread to the medulla might 
occur (perhaps from the lungs) by the vagus; if this were sufficiently 
rapid the animal might die of medullary paral}'sis before the cord and 
ganglia were sufficiently affected to giv'e rise to peripheral irritation 
(c.g., as in R 62 and 31). That the lesions observed in the spinal ganglia 
of itching animals result from the ascent of varus deposited in the 
subcutaneous or muscular tissues is unlikelv’ for several reasons. 
In the first place no considerable quantity can be detected here at the 
2nd hour; amounts so minute as to escape detection would be incapable 
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seem, therefore, that itching after intravenous inoculation is a referred 
sensation from a central lesion determined by virus originating from 
some source other than the area scratched. 

If a much smaller dose be given intravenously (Table ViJi) its 
distribution during the incubation period, though showing similarities 
to that in the preceding table, is more erratic. It is to be noted that 
the condition of the blood more nearly resembles that after sub- 
cutaneous inoculation in rarely containing detectable virus. 

The distribution of the Aujeszky strain after intravenous inoculation 
was not fully worked out; it was determined, however, that 2 hours 
after administration of 5000 3I.i.d. the blood in doses of 1, 5 and 20 cc. 
did not reproduce the disease in passage animals ij.e., contained 
< 6 M.i.D. virus). 

An important fact emerging from these experiments by the intra- 
venous route is that if after subcutaneous inoculation virus were to 
enter the circulation intermittratly, even in considerable amount, 
its rapid disappearance therefrom would lead to the restitution of 
sterility. Thus the results charted in Table V are not in themselves 
sufficient to e limin ate the possibility of blood spread; on the other 
hand the presence of virus in the lung and spleen in its absence from 
the blood (Tables I and If), and the possibility of infection resulting 
from inoculation in a denervated area are readily explained. Again, 
it seems that when virus is detectable in the blood at the end of the 
incubation period or earlier, according to e.xperimental conditions and 
virus used, its presence here must be due to one or both of two factors, 
its continuous emission in considerable amount from the primary or 
other focus, or failvue of the mechanism for its removal. 

Appearance of Virus in the Blood after Subcutaneous Inoculation 

The possibility that the appearance of virus in the blood is due to 
failure of some absorptive mechanism is excluded by the following 
experiment. Two animals were inoculated subcutaneouslv with 
Aujeszky virus. At the time when virus was e.xpected to appear 
in the blood stream (22 and 26 hours), a test bleeding was performed 
and various amoimts of blood inoculated into fresh animals. The 
original pair of animals was then inoculated intravenously with 5000 
M.i.n. virus; 2 hours later they were killed and the blood was titrated 
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DISCUSSION 

The more strictly neurotropic viruses (poliomyelitis, rabies, Boma) 
reach the central nervous system from the periphery by the neural 
route, and there induce a primary degeneration of nerve cells accom- 
panied or followed, as the case may be, by reactive phenomena in the 
vascular and interstitial tissues. The evidence presented in this and 
in a previous paper shows that the same is true of the pseudorabies 
virus, which is clearly neiurotropic. In the rabbit death ensues before 
the primary attack on the neurons is masked by reactive change. 
But whereas viruses of the former group are rarely or never detected 
in the blood stream, if at aU only diming the period when wholesale 
destruction and phagocytosis of nerve cells may accoimt for some 
leakage into the circulation, the capacity of the Aujeszky virus for 
abundant increase in non-nervous tissue enables it to establish a 
primary extraneural focus, from which, apparently, considerable quan- 
tities of virus are emitted into the blood from an early stage of the 
incubation period. The differences observed in this respect between 
the Aujeszky and the Iowa strain indicate that the circulation of virus 
in the prenervous phase of the disease is, unfortunately, an occurrence 
insufficiently constant to serve as a means of distinguishing this tjqre 
of virus from the stricter neurotropes. ^Moderate amounts of ^d^us 
can be dealt with by a mechanism of removal leaving the blood free 
from detectable contamination. Under these circumstances it is even 
uncertain what the real position regarding the stricter neurotropes 
may be, except that as far as is known they do not multiply to any 
extent outside the nervous system. 

Of greater value in differentiating between the two tj-pes of xdrus is 
the observation that wMle the stricter neurotropes just mentioned, 
when introduced into the blood stream in any amount less than an 
overwhelming one, do not cause infection, the minimal intravenous 
infecting dose of pseudorabies virus is but little greater than that for 
subcutaneous or intramuscular inoculation. It is important to recog- 
nize that this property of the pseudorabies virus is not due to ability 
to penetrate directly the hemato-encephalic barrier; rather its pluri- 
cellular affinities, abundantly evident on histological study, enable it 
to establish multiple infective foci from which follows extension by the 
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pasture and Teague felt that their success with intravenous inoculation 
did not warrant the categorical assertion that the axis cylinders are 
the only portal of entry of the virus to the central nervous system, 
it seems highly probable that an ad hoc inquiry would reveal after 
intravenous inoculation of herpetic material a state of affairs similar 
to that obtaining in pseudorabies; vis., an ascending neural infection 
from primary foci set up in various viscera. 

At first sight the behavior of certain other neurotropic viruses 
appears different from that of those thus far dealt with. In horses 
dying of equine encephalomyelitis^ animal inoculation demonstrates 
the existence of virus only in the central nervous system, in which 
the lesions are typical of an acute neurotropic virus disease. Before 
nervous symptoms are manifest, however, \'irus may be present 
in the blood in considerable quantities. Much the same is true of the 
guinea pig (Howitt, 1932), in which virus may early be recovered 
from the blood and viscera, but later only from the nervous system 
and perhaps the salivary glands and adrenals. That the organism 
is evidently capable of multiplication in situations outside the nervous 
tissues follows also from the work of Syverton, Cox and Olitsky 
(1933). 

Almost identical findings are recorded in the case of the neurotropic 
modification of the yellow fever virus. At death m the mouse 
(Theiler, 1930; Dinger, 1931), guinea pig (Lloyd, Penna and Mahaffy, 
1933; Theiler, 1933) and monkey ^loyd and Penna, 1933) virus 
appears to be localized in the central and peripheral nervous system, 
adrenals and perhaps salivary glands, leaving the blood and other 
viscera free. The circulation of virus in the blood, immediately 
following massive intraperitoneal inoculation, may no doubt legiti- 
mately be compared with the absorption of a non-specific agent such 
as ovalbumin (Hughes and Theiler, 1934). But Sawyer and Lloyd 
(1931) found the blood infective for 4 and possibly 5 days, while after 
administering minute doses Hughes and Theiler noted a latent period 
preceding the appearance of virus, which then circulated for from 1-3 
days; in the intervening period multiplication must have taken place. 

Webster and Fite state^' that louping ill virus introduced intra- 

* Work shortly to be published. 

• Webster, L. T., and Fite, G. L., personal communication. 
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Levaditi’s conception of a group of viruses linked by a selective 
affinity for skin and nervous tissue is considered by many nrorkers 
to be based on incomplete observation and undue elasticity in inter- 
pretation of fact. Thus poliomyelitis and rabies viruses have no 
particular affinity for the dermis; herpes virus attacks cells derived 
from all three embryonic layers; the lesions of cerebral vaccinia are 
largely meningeal or ascribable to meningeal lesions. If a classifi- 
cation of viruses in terms of their cellular affinities vrere desired, a 
primary grouping according as to whether they are neurotropic, 
\dscerotropic or pantropic might supply the framework The sup- 
posed characteristics of the first and third classes have been outlined 
above. Infections with the second type of \drus would usually leave 
the nervous system imscathed, yet under suitable conditions might 
produce an encephalopathy from interference with the vascular 
system of the brain. Perhaps in hog cholera encephalomyelitis this 
factor is far from negligible. It is to be noted that a more or less 
similar classification is implicit in Seifried’s description of the various 
encephalomyelitides (1931). 


strjMarAXV 

After intramuscular, intradermal and subcutaneous inoculation, the 
pseudorabies virus reaches the central nervous system by way of the 
peripheral nerves, although it is circulating in the blood. Centrifugal 
spread from the infected nervous tissues by the neural route also occurs. 
After intracerebral inoculation the virus passes in the reverse direction, 
down the ner\mus axis . The Aujeszky strain invades the blood stream 
more readily than does the Iowa strain; but possibly with repeated 
passage the latter is approximating in this respect more closely the 
classical Aujeszky strain. After intravenous inoculation, effective 
with even small doses, virus is rapidly removed from the blood, and 
multiple infective fod are established in various organs; thence ascent 
of the virus by the peripheral nerv’^es leads to infection of the central 
nerx'ous system, the symptomatology differing according to whether 
the spinal cord or the medulla is first reached. The lack of exadence 
that the virus can penetrate directly the hemato-encephalic barrier 
deserv’es emphasis. When subcutaneous inoculation is practised in 
an area deprived of its nerve supply, the ability of the \irus to invade 
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SEROLOGICAL STUDIES ON AZOPROTEINS 


Antigens Containing Azocomponents with Aliphatic Side 

Chains 

By K. LANDSTEINER, M.D., and J. van Jiss . SCHEER 
{From the Laloratories of The Rockefeller Institute for Medical Research) 

(Received for publication, February' 17, 1934) 

The first studies in this series included only simple aromatic a min o 
compounds. An extension of the investigation to aliphatic substances, 
such as tartaric acid (1), peptides (2) and carbohydrates (3, 4), was 
made possible by the expedient of combining them to aromatic amines 
to form diazotizable compounds which could be linked to protein. 
Since simple aliphatic compounds have not been examined system- 
atically with regard to their serological properties, experiments 
with such substances have been undertaken. The results will be 
presented here. 

The combining of aliphatic acids with prot ein w as effected either 
by the use of aminophenyl derivatives ] ^(CHi)nCOOH) or 

by converting dibasic acids into aminoanilic acids (NH 2 <C ^ ^ NHCO- 
(CH2)„C00H). In addition, azoproteins containing components of 
the type <^^(CH 2 )„CH 2 and < >NHCO(CH 2 )nCH 3 , were pre- 
pared and used for immunization. 

Materials and Methods 

I. Acids: NE^ ^ {CHf)^COOB. — y (/'-aminophenyl)-butjTic add and 

e (/'-aminophenyb-caproic add were made by reduction of the corresponding nitro 
compounds (5). The />-aminophenyIacetic add used was a commercial prepara- 
tion. 

II. Acids: i\ Ej ^ ^ EECOiCH^rCOOS . — The preparation of these sub- 

sunces has been described in a previous paper (6). In addition the following two 
substances were prepared: 


751 



752 


SEROLOGICAL STUDIES ON AZOPROTEINS 


<^,/-^-Nitromalanilic add: This was obtained by the method used previously 
for optically active ^-nitromalanilic acids (7). It was purified by recrystalliza- 
tions from water and 25 per cent alcohol. Platelets, m.p. 178-179°C. Titration: 
0.127 gm. dissolved in 80 per cent alcohol required for neutralization 5 cc. n/10 
NaOH; formula CioHioOeN" requires 5 cc. 

d,/-/»-Nitrochlorosuccinanilic add: 5 gm. of d,/-chlorosuccin 3 dchloride ( 8 ) 
(b.p. 80-81°C. at 11 mm.) dissolved in SO cc. benzene was added to 250 cc. of a 
solution of 3.65 gm. of />-nitramline in benzene at 60° and after heating on the 
steam bath for 2 -J hours, the mixture was kept in a dosed flask for 2 days at room 
temperature. The predpitate was filtered off, suspended in 15 cc. of water and 
N NaOH added in drops until a test on litmus paper showed that no more NaOH 
was taken up. Upon addification of the filtered solution with hydrochloric acid 
an oil separated which soon cr 3 ^stallized. The substance was purified b 3 ’' recr 3 'stal- 
lization from water and 25 per cent alcohol. Needles, m.p. 145-146°C. Analysis: 
C 10 H 9 OBN 2 CI, calculated Cl 13.01 per cent; found 13.65 per cent. In order to 
determine whether the Cl occupies the same positon in the molecule as the OH 
group in the ^-nitromalanilic acid described above, 0.273 gm. of the substance was 
dissolved in 10 cc. of water by the addition of 1 cc. of n NaOH, and the replacement 
of Cl by OH was brought about b 3 ' adding 1 cc. of N alkali in portions of 0.05 cc. 
at 60°C., each addition being made after the alkali has been used up. After 
cooling and filtration from a small amount of insoluble material, tlie solution was 
acidified with hydrochloric acid. The substance cr 3 'stallized in platelets like the 
/)-nitromalanilic acid, m.p. 173-174°C.; after recrystallization from 25 per cent 
alcohol, m.p. 178-179°C. When mixed witli an equal amount of ;^-nitromalaniIic 
acid the melting point remained unchanged. A qualitative test showed no chlorine 
to be present. Analysis; CioHioOeNj, calculated N 11.02 per cent; found 10.8 
per cent. It may be concluded, therefore, that in the /'-nitrochlorosuccinanih’c 
add and /(-nitromalanilic acids described the Cl and OH respective^ occup 3 ' tlie 
same position relative to the carboxyl group . 

III. Homologucs of Aniline'. ^ (Cn 2 )nCEz . — ^These compounds were 

made following the methods of Benz (9) for tlie preparation of ^-aminoeth 3 d- 
benzene and Beran (10) for />-amino-«-oct 3 dbenzene. Eth 3 d, j:-but 3 'l, j;-hex 3 d 
and n-oct 3 d alcohol were heated vdth molar quantities of aniline and zinc chloride 
in sealed tubes for 8 hours at 280°. The contents of the tubes were dissolved in 
dilute h 3 ’drochloric add, the solution neutralized with ammonia and an excess of 
ammonia added to dissolve the predpitated zinc h 3 'droxide. The bases were 
extracted from the solutions with ether and fractionated b 3 ' distillation at atmos- 
pheric pressure. Crude />-amino-n-but 3 dbenzene distilled over between 230 and 
260°, crude />-amino-H-hex 3 dbenzene between 270 and 310°. They were con- 
verted into sulfates and recr 3 'stallized from 95 per cent alcohol and washed several 
times with alcohol until tlie wash liquids were colorless. After decomposition of 
the sulfates with sodium hi’droxide, the free amino compounds were extracted 
with ether and distilled. 
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p-Amino-jj-butylbenzene: B.p. 248-250°. Analysis: calculated for CioHisN: 
N 9.39 per cent; found 9.33 per cent. 

^-Amino-H-hesj-lbenzene: B.p. 279-285°. Analysis: calculated for CnHigN: 
N 7.91 per cent; found 7.79 per cent. 

Both substances were oils which did not crystallize upon standing in the ice box. 
The position of the substituents was not determined, but it can be assumed from 
the analogy with />-aminoethylbenzene and ^-aminooctylbenzene that the sub- 
stitution occurred in para-position. 

IV. Homologues of p-Aminoacetamlide: NEz ^ NHCO(CHz)aCHz . — 

/^Nitrobutyr-, ^-nitrocapro and ^-nitrocapryl-anilide were obtained as follows: 
13.8 gm. of ^-nitraniline (0.1 mol) were dissolved in 80 cc, of acetone, the solution 
cooled and a total of 0.102 mol of the acid chloride (butyl chloride, eta) and 0.11 
mol of sodium hydroxide (25 per cent solution) was added alternately in 5 por- 
tions, shaking vigorously after each addition. After dilution of the liquid with 4 
volumes of water, enough sodium carbonate solution was added to make the solu- 
tion distinctly alkaline to litmus. The oil which separated soon crystallized upon 
rubbing, 

^-Nitrobutyranilide: The crude productwas reoystallized twice from2 volumes 
of 95 per cent alcohol. Light yellow crystals resembling octahedra, m.p. 138-139°. 
Analysis: calculated for CioHijOjNi: N 13.46 per cent; found 13.54 per cent. 

/»-Nitrocaproanilide; The crude product was reoystallized three times from 
3 volumes of 75 per cent alcohol. Pale yellow, long needles, m.p. 77-78°. .Analy- 
sis: calculafed for CiaHuOjNj: N 11.86 per cent; found 12.07 percent. 

/>-Nitrocapiylanilide: The substance was reoystallized twice from 3 volumes 
of 75 per cent alcohol. Pale yellow rhombic platelets, m.p. 82-83°, Anal>-sis: 
calculated for CnHioOjNg: N 10.61 per cent; foxmd 10.88 per cent. 

The amino anilides were prepared as follows: 10 gm. of finely ground nitro 
compound and 25 gm. of zinc dust were suspended in 250 ca of water and a total 
of 350 cc. normal hydrochloric acid was added in portions of 50 ca over a period of 
1 hour with constant vigorous stirring. (50 per cent alcohol and a normal solution 
of hydrochloric acid in 50 per cent alcohol were used in the reduction of the nitro- 
caprj'lanilide.) After the nitro compound had disappeared, the solution was 
filtered and sodium acetate added. The precipitate formed was redissolved in 
v.ater by addition of an excessof ammonia and the solution was extracted with ether. 
The amino compound obtained by e\-apoTation of the ether was recrystallized 
from benzene. 

f’-Aminobutj'ranilide: Yield 3.5 gm. from 10 gm. of the nitro compound. It 
was recrj-stallized from 20 volumes of benzene. The light colored oil, which 
separated on cooling, slowly crystallized in white microscopic needles, m.p. 64-65°. 
.Anah-sis, after drying at 50° in vacuo over HiSO<: calculated for CioHuONj: 
N 15.73 per cent; found 15.55 per cent. 

f>-.Aminocaproanilide: Yield 6 gm, from 10 gm. of nitro compound. The sub- 
stance was reciystallized from 5 volumes of benzene. WTiite microscopic needles. 
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m.p. 86-87°. Analysis, after drying at 60° in vacuo over H 2 SO 4 : calculated for 
C 12 H 18 ON 2 : N 13.59 per cent; found 13.34 per cent. 

/^-Aminocaprylanilide: Yield 8 gm. The substance was recrystallized from 5 
volumes of benzene. White microscopic needles, m.p. 99-100°. Analysis, after 
drying at 60° in vacuo over H2SO4: calculated for C14H22ON2: N 11.96 per cent; 
found 11.73 per cent. 

Antigens for Immunization. — 3 millimols of the substances of the types I and 
II were diazotized in the usual way (2) and each diazo solution (volume 80 cc.) 
was added to a cold mixture of 80 cc. of a 2 per cent solution of globulin, prepared 
from horse serum, and 40 cc. of N sodium carbonate solution. After coupling for 
1/2 hour at 0-5°, the azoproteins were precipitated by careful addition of dilute 
hydrochloric acid, centrifuged, washed several times with saline, dissolved in 
saline and brought to neutral litmus reaction by addition of normal sodium 
hydroxide. The final solutions contained 0.5 per cent azoprotein and 0.25 per 
cent phenol, added as a preservative. In the same way the substances III and IV 
were diazotized and coupled to horse serum, using 1.27 millimols for each 10 cc. 
of serum. The azoproteins were then washed with a large volume of 80 per cent 
alcohol and subsequently with saline. They were ground into a fine suspension 
and made up \vith saline containing 0.25 per cent phenol to a volume twee that 
of the serum used. 

Immunization, — ^Batches of five rabbits each were taken for the immunization 
with the various antigens. Of the antigens of series I and II each rabbit received 
daily intravenous injections of 10 mg. of azoproteins for 6 days. One or two more 
courses were given at intervals of 1 week; of the antigens of series III and IV each 
rabbit was injected intraperitoneally Nvith 10 to 15 cc. of the azoprotein suspension 
at weekly intervals. The sera were tested 7 days after the last injection. 

Antigens for the Tests. — On account of the insolubility of the antigens of the 
types III and IV when made from serum protein, the test antigens were prepared 
from a solution of casein. The coupling was carried out as described above. The 
dilutions given in the tables are in terms of 5 per cent stock solutions, made by 
dissolving the azoproteins in saline with the aid of dilute sodium hydroxide and 
adjusting to neutral reaction. The casein-azocompounds prepared from amino- 
caprylanilide, aminobutylbenzene, aminohexylbenzene and aminooctylbenzene 
did not dissolve well, and in order to obtain a clear solution for the precipitin tests, 
it was necessary to add 0.2 cc. of alcohol and 0.05 cc. of n/10 sodium hydroxide to 
0.1 cc. of the emulsion; when after a few minutes a clear solution was obtained, 
enough saline was added to give the required dilution in terms of a 5 per cent 
solution. 

Tests. — ^The precipitin and inhibition tests were carried out and the strength 
of the reactions recorded as in former papers (1, 2). 

EXPERIMENTAL 

Precipitin Reactions . — ^The specificity of the reactions of the “anilic 
acid immune sera” has been dealt with in a previous communication, 
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2 drops of immune serum were added to 0.2 cc. of the diluted antigens. Readings after 1 he 
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azoproteins made 
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in which it was shown that specific precipitin reactions can take place 
not only with azoproteins, but with dyes such as those prepared by 
coupling the diazotized aminoanilic acids to resorcinol, as well. 

The reactions of the immune sera presented in Tables I and II^ have 
this in common that the lower members of each series of acids react 
more specifically, the range of activity becoming wider with increasing 
length of the aliphatic side chains of the corresponding antigens. Thus 
the sera for oxanilic, succinanilic and phenylacetic acid display a high 
degree of specificity as compared vnth the immune sera for the com- 
pounds with longer side chains. However, with the latter immune 
sera, too, the strongest reactions always occur with the homologous 
antigens. On the whole the specificity is more pronounced in com- 
pounds of type II, which contain an NH-CO linkage, than in those of 
type I. The immune sera for adipanilic and suberanilic acid also 
showed marked group reactions with the antigens of the phenylacetic 
acid series. Moreover precipitation occurred between the immune sera 
of the phenylacetic acid series and the “anilic acid” antigens and these 
reactions were in all cases strongest with the highest numbers of the 
latter series. There is not sufficient evidence to give a final interpre- 
tation of these reactions, but it may be pointed out that phenomena, 
probably of a similar nature, were observed in inhibition reactions 
with higher aliphatic acids, which will be described below. 

The immunization experiments with the compounds of series III 
were not very successful and only one serum each, of moderate ac- 
tivit)'', was obtained for /»-aminoethylbenzene and ^-aminobutylben- 
zene. It would probably be possible to improve the production of 
immune sera by modifying the technique, but this point was not 
further investigated. From the reactions of these sera and those for . 
the compounds of series IV it appears that serological differences are 
brought about by variations in the length of the carbon chains (Ta- 
bles III and IV). The “suberanilic acid immune sera” gave weak 
reactions with the aminobut3'^ranilidc and aminocaproanilide antigens 
which may be attributable to a certain correspondence in structure. No 
reactions of the other immune sera for substances II or tliose for 
substances I with tlie antigens of series III and IV were observed, nor 

> Reactions of other immune sera were in conformity with those recorded in 
the tables. 
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of the immune sera for compounds HI and IV with any of the other 
types of antigens. 

With regard to the group reactions in general the question may be 
raised whether they are not due in part to a breaking down of the 
aliphatic chain of the immunizing antigen in the animal with sub- 
sequent formation of antibodies to the resulting products. Of course, 
it is impossible to explain the reactions with antigens containing longer 
aliphatic chains than the homologous antigen in this manner. As 
regards the antigens with shorter chains, if the assumption were 
correct, one would expect, according to the theory of the so called 
/3-oxidation, that the group reactions occur mainly with the antigens 
containing aliphatic chains, which differ from those present in the 
immunizing antigen by an even number of carbon atoms. Such a 
preference, however, is not noticeable in the tests with the immune 
sera for the anilic acids as a perusal of Table II will show. 

InJtibilim Tests . — Such tests furnished a confirmation of the pre- 
cipitin reactions and in addition yielded new results of some conse- 
quence. The reactions presented in Table V, which were carried 
out with aminoanilic acids, demonstrate that in the inhibition tests, 
too, the strongest reactions take place with the homologous substances 
and that the specificity of the immune sera is less in those correspond- 
ing to the antigens with the longest aliphatic side chains. The results 
with the nitranilic acids were similar. When comparing the reac- 
tions of the sera for adipanilic and suberanilic acid, the greater strength 
of the latter immune serum must be taken into accoimt. To obtain 
inhibition reactions with the dibasic acids themselves (Table VI) 
higher concentrations were needed than those used in the tests 
wnth the anilic acids. In this way succinic acid gave a marked 
inhibition reaction with the “sucdnanilic acid immune serum” and this 
reaction show'ed distinct specificity, since succinic add could easily be 
differentiated from malonic, adipic and, though less strikingly, from 
glutaric acid. 

However, the higher dibasic adds also showed definite inhibi- 
tions with the “sucdnanilic add immime serum,” increasing with 
the length of the carbon chain so that in the scale of reactions 
as presented in the table there are two maxima of inhibition, one with 
succinic and the other with sebacic add. Similar effects were noticed 
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with the immune sera for phenylacetic acid and its homologues; e.g., 
the precipitation of the immune sera for phenylacetic acid was inhib- 
ited considerably by caprylic, caproic, sebacic and suberic acid (cf. 11). 
The inhibitions by acids with longer chains are non-specific in so far as 
acids which are structurally further removed from the homologous an- 
tigen react more intensely with the immune sera than closely related 
ones. Evidently, these inhibition phenomena are dependent on certain 
physicochemical properties common to salts of acids with long ali- 
phatic chains. Nevertheless, the reactions have some degree of 
specificity. It is true that an inhibitory action of the sodium salts of 
sebacic and also of suberic acid on the precipitation by various immune 
sera, such as precipitins for horse or pig serum, can be demonstrated 
by using sufiiciently concentrated solutions of these salts, but these 
effects are distinctly less pronounced than the inhibitions with the 
anilic acid immune sera. Consequently, the inhibitions depend to a 
certain extent on the similarity of the chemical composition of the 
inhibiting substances and the antigens, and the reactions constitute, 
as it were, a transition between specific and non-specific phenomena. 

The fact that succinic acid by itself shows specific reactions with 
antibodies is interesting because of the simple composition of the 
compound and should be emphasized in connection with a criticism 
by Berger (12) concerning the applicability of tire azoprotein method 
for studying the serological specificity of simple compounds. As will 
be shown presently, succinic acid can be serologically distinguished 
not only from the homologous dibasic acids but also from malic, tar- 
taric and asparaginic acid. Similarly in former experiments, using 
sera for azoproteins prepared with the stereoisomeric ^-aminotar- 
tranilic acids it was possible to differentiate the three stereoisomeric 
tartaric acids from one another and from succinic acid (1). Some of 
the differences observed were only small, but since they were definite 
this does not nullify the results. Moreover, tire striking specificity of 
the inhibition reactions with the stereoisomeric nitro- and amino- 
tartranilic acids can depend only upon the tartaric acid part of the 
molecule since the other moiety is the same in the various compounds. 
The same reasoning holds true for the observations on acylated 
peptides (2) and for the inhibition reactions mth aminophenol-glu- 
cosides and -galactosides carried out by Avery and Goebel (3, 4). 



table VII 
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Tests mith Subslittded Aliphatic Acids . — A few substances were 
examined in order to investigate the influence of various substituents 
on the reactions. From Table VII it is seen tbat the substitution of 
hydrogen atoms in the aliphatic chains causes a serological cliange 
which in the tests with the anilic acids is greater in the OH than the 
Cl substituted compounds, and still more pronounced when two hydro- 


TABLE vm 

Teclmique as described for Table VI 
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TABLE IX 


Technique as described for Table VI 
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gens were replaced by OH groups. Table VIII shows the marked dif- 
ference between succinic acid on the one hand and malic, tartaric and 
asparaginic acid on tlie other. Succinimide which contains no free 
carboxyl group caused no inhibition, in contrast to the monometliyl 
ester and the monoamide. 

A more extensive study on the influence of substituents seems desir- 
able in order to establish their relative serological significance. Such 
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ON THE SEROLOGICAL SPECIFICITY OF PEPTIDES. H 

By K. LAJJDSTEIN'ER, M.D., and J. van dee SCHEER 
{From the Laboratories of The Rockefeller Institute for Medical Research) 

(Received for publication, March 9, 1934) 

The results of serological tests witli azoproteins prepared from pep- 
tides of knoTO structure, namely glycyl-glycme, glycyl-leudne, leu- 
cyl-glydne and leucjd-leucine, -were reported in a previous communica- 
tion (1) . By means of precipitin and inhibition tests it vras found that 
these peptides were serologically distinct and that their specificitj’’ was 
determined primarily by the terminal amino add and to a lesser extent 
by the second amino add. These experiments were taken up again 
and extended to other peptides. 


Preparation of Peptides and Their Nitrobenzoyl and Aminobetizoyl 

Derivatives 

The following peptides were prepared according to the methods given in the 
papers referred to: diglycyl-glycine, triglj-c>i-glycine, tetraglycyl-gh'cine, di-d,/- 
Ieuc}-l-glyc3i-gl3xme (2); digh-cji-d ./-leucine, triglycji-d,/-]eucine (3); gb'cji-d,/- 
leucji-glj'cine (4); d,/-leuc}i-gh'cyl-gh'cine (5); d,/-leucyl-tTiglycji-gh-cine (6). 

Chloracetyl-d,l-Leucyl-Glycyl-Glycine . — 30 gm. of d,/-Ieucji-gh-cji-glycine were 
dissolved in 124 cc. of N sodium hydroxide and the solution was cooled to — 5°C. 
28 gm. of chloracetjichloride and 76 ca of 5 n sodium hj-droxide were added alter- 
nately in 5 equal portions with good cooling and \igorous shaking. The solution 
was made strongly acid to Congo red bj- addition of 5 n hydrochloric add and 
extracted several times with ethyl acetate containing 10 per cent of alcohoL The 
ethyl acetate solution was dried with anhj'drous sodium sulfate and evaporated. 
The remaining oil crj-stallized upon stirring with ether. Yield 31 gm. It was 
recrj-stallized by dissohang in 20 parts of eth3'l acetate and allowing the solution 
to stand in the ice box for 1 day. Yield 20 gm. Microaa'staUine, m.p. 149-130'’.* 
Anah-sis: After dr3-ing at 100° in racuo over CaCl;; calculated for CuHkOjNjCI: 
N 13.07, found 13.12; Cl 11.02, found 10.90. 

’ The melting points were made with the anabaed substances but were not 
checked 63- further purification. 
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Glycyl-d ,l-Lencyl-Glycyl-Glycinc. — A solution of 1 part of chloracetyl-i,/- 
leucyl-glycyl-gtycine in 10 parts of ammonium hydroxide (28 per cent) was heated 
in a sealed tube at 100°C. for 1§ hours. The solution was evaporated to dryness 
in vacuo, the residue dissolved in water, treated mth a solution of silver sulfate to 
remove Cl“, and subsequently with hydrogen sulfide. After removal of silver 
sulfide and evaporation in vacuo to a small volume just enough barium hydroxide 
was added to free the solution from sulfates. The solution was evaporated to 
dryness in vacuo, the material dissolved in a very small amount of water, 10 vol- 
umes of absolute alcohol and 20 volumes of ether were added and the sticky pre- 
cipitate was rubbed with a mixture of 1 part of absolute alcohol and 2 parts of dry 
ether until it became granular. Yield 2.4 gm. from 3 gm. of tlie chloracetyl com- 
pound. Amorphous, decomposes when heated above 120°. Analysis: After 
drying at 100° f?; vacuo over CaClo; calculated for Ci 2 H 2205 N 4 :N 18.51, found 18.40. 

Chloraceiyl-Glycyl-d,l-Lcucyl-Glycyl-G]ycine. — This substance was prepared 
from glycyl-d, /-leucyl-glycyl-glycine as described for chloracetyl-d,/-leucyl-glycyl- 
glycine. The eth 3 d acetate solution was evaporated in vacuo and absolute alcohol 
was added. A white insoluble residue was separated from the colored alcoholic 
solution and recrystallized by dissolving in 40 parts of 95 per cent alcohol and 
allowing the solution to stand in the ice box overnight. Yield 6 gm. from 12 gm. 
of peptide. Small platelets, m.p. 195-196°C. Analj'sis; After dr 3 dng at 100° 
in vacuo over CaCl 2 ; calculated for Ci4H230gN 4C1:N 14.80, found 14.59; Cl 9.37, 
found 9.27. 

Diglycyl-d,l-LcucyI-Glycyl-Glycine. — 1 part of chloracet 3 d-glycyl-d,Weuc 3 d- 
glyc 3 'l-glycine was heated in a sealed tube with 10 parts of ammonium h 3 'droxide 
(28 per cent) for 1^ hours at 100°C. The solution was evaporated in vacuo, tlie 
peptide redissolved in 2 parts of water and 20 volumes of absolute alcohol were 
added. After standing in tlie ice box the precipitated peptide was centrifuged 
off, repurified in the same manner and washed with alcohol. Yield 3.5 gm. from 
6 gm. chloracet 3 d compound. Not distinctly cr 3 "stalline, decomposes above 
215°. Anal 3 ’-sis: After dr 3 dng at 100°C. in vacuo over CaCl 2 , calculated for 
C 14 H 25 OCN 6 : N 19.49, found 19.15. 

a-Bromisocaproyl-Dilcucyl-Glycyl-Glycinc {Inactive). — This substance was pre- 
pared from dileuc 3 d-glyc 3 d-glycine (inactive) and d,/-a-bromisocapro 3 dchloride 
according to the method described b}’- Fischer for the preparation of a-bromiso- 
capro 3 d-leuc 3 d-glycyl-gl 3 xine (2). After completion of the acet 3 ’lation the 
solution was acidified with hydrochloric acid, and the precipitate washed with 
petrol ether. It was recr 3 ’stallized from 25 parts of 40 per cent alcohol. Yield 10 
gm. from 10 gm. of peptide. Microscopic needles, m.p. 192-193° Analysis: 
After drying at 100°C. in vacuo over CaCl 2 ; calculated for C22H3806N4Br: N 10.50, 
found 10.62. 

Trikucyl-Glycyl-Glycinc {Inactive). — 10 gm. of a-bromisocaproyl-dileuc34-gl3xyl- 
glycine (inactive) was heated with 50 cc. of ammonium h 3 'droxide (28 per cent) in a 
sealed tube at 100° for IJ hours. After c\’aporation on the steam bath the sub- 
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hot solution of ferrous sulfate, 7 aq. (6.5 mols for each mol of nitrobenzo)"! peptide) 
in 2.5 parts of water. A 28 per cent ammonia solution (10 cc. for each 12 gm. of 
ferrous sulfate, 7 aq.) was added in 5 equal portions over a period of 10 minutes, 
shaking well with eacli addition. After heating on the steam bath for 15 minutes 
the ferric hydroxide was removed by filtration and the solution evaporated in vacuo 
to a small volume. The subsequent procedure varied somewhat for the different 
substances. 

p-Nilrobenzoyl-Diglycyl-Glycine. — Recrj^stallized bj'^ dissolving in 170 parts of 
boiling 70 per cent alcohol and allowing tlie solution to stand in the ice box over- 
night. Yield 9 gm. from 6 gm. of peptide. Large needles, turns dark above 245°. 
Analysis:® Calculated for Ci 3 Hi 407 N 4 : N 16.57, found 16.45. 

p-Aininobenzoyl-Diglycyl-Glycine. — ^The concentrated solution was made w'eakly 
acid to Congo red with hydrochloric acid and kept in the ice box overnight. The 
precipitate was recrystallized from 25 parts of water. Yield 3.2 gm. from 4 gm. of 
nitro compound. Rosettes of small needles, turns dark above 245°. Analj^sis: 
Calculated for C 13 H 1 CO 6 N 4 : N 18.19, found 17.91. 

P-Nitrobenzoyl-Diglycyl-d,l-Leuciuc. — ^Recrystallized from 40 parts of 30 per 
cent alcohol. Yield 6 gm. from 6 gm. of the peptide. Microscopic platelets, 
m.p. 175-176°. Anal 3 'sis: Calculated for C17H22O7N4: N 14.21, found 14.11. 

p-Amtnobcnzoyl-Diglycyl-d ,l-Lcucinc. — ^The concentrated solution was made 
weaklj’^ acid to Congo red and kept in the ice box overnight. The precipitate was 
recrystallized from 25 parts of water. Yield 4 gm. from 6 gm. of nitrobenzojd 
compound. Microscopic needles, m.p. 176-177°. Analysis: Calculated for 
C 17 H 24 O 6 N 4 : N 15.38, found 15.34. 

p-Nilrobcnzoyl'Glycyl-d ,l-Lcucyl-Glycinc. — ^RecrystaUized from 20 parts of 30 
per cent alcohol. Yield 9 gm. from 10 gm. of peptide. Rosettes of microscopic 
needles, m.p. 204-205°. Analysis: Calculated for C 17 H 22 O 7 N 4 : N 14.21, found 
14.13. 

p-Aviiuobenzoyl-GIycyl-dfl-Lcucyl-Glycine. — ^To the concentrated solution 10 
volumes of alcohol were added, ammonium sulfate was filtered off, the filtrate 
evapbrated to drjmess ui vacuo, the residue dissolved in a small amount of water 
and after addition of hydrochloric acid to weak acidity' to Congo red, the solution 
was concentrated in a vacuum desiccator until the aminobenzojd peptide separated. 
It was recr 3 *stallized from 4 parts of w'ater. Yield 3.4 gm. from 4.8 gm. of nitro- 
benzoj'l compound. Microscopic platelets, m.p. 179-181°. Analysis: Calculated 
for C 17 H 24 O 6 N 4 : N 15.38, found 14.91. 

p-Nilrobcnzoyl-d ,l-LcucyI-Glycyl-GIycinc. — Prepared by nitrobenzoylation as 
described bj-^ Abderhalden, Dinerstein and Genes (7). M.p. 167-168°. Analj'sis: 
Calculated for C17H22O7N4: N 14.24, found 14.04. 

p-Am{nobcnzoyl-d,I-Lcucyl-GIycyl-Glycinc, — After the reduction of nitrobenzo 3 d- 

- For anab'sis the substances were dried at 100° i;i vacuo over CaClo unless 
differentlv’ stated. 
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J.Meucj'l-glycj-l-glydne the solution was evaporated in vacuo to a small volume, 
10 volumes of alcohol were added, ammonium sulfate filtered off and the alcoholic 
solution evaporated to dryness in vacuo. The substance was dissolved in a sm all 
amount of alcohol and precipitated by addition of ether. After drying, it was 
dissolved in 2 parts of water and enough 5 N hydrochloric add was added to make 
the solution weakl}' add to Congo red. After being kept for 2 days at room tem- 
perature, the predpitate was filtered off and recrystallized from S volumes of water, 
using norit for decolorizing. Crystallization was allowed to take place for 2 
daj's at room temperature. Yield 4.2 gm. from 8,4 gm. of nitrobenzoyl com- 
pound. Irregular platelets, m.p. 179-180°. Anal3'sis: Calculated for Ci7H;405N4: 
N 15.38, found 15.31. 

p-Nilrobeitzoyl-Triglycyl-Glyciiie. — ^Reciystallized from 20 parts of 50 per cent 
alcohol. Yield 11 gm. from 10 gm. of peptide. Microscopic needles, decomposes 
at about 230°. Analj’sis: Calculated for CisHitOsOs: N 17.72, foimd 17.49. 

p-Aminoheitzoyl-Triglycyl-Glycine. — ^The concentrated solution was made weakly 
add to Congo red. The substance was repredpitated from an alkaline solution by 
addition of add, washed with water, 50 per cent alcohol and finallj' with absolute 
alcohol and ether. Upon cooling a hot aqueous solution it separated in the 
form of granules. Yield 4.2 gm. from 6 gm. of nitro compound. Decomposed 
without melting when heated above 250°. Anal>-sis; Calculated for CisHisOeNs: 
N 19.18, found 18.83. 

P-iiitrolenzoyl-Triglycyl-d,l-Leucine. — ^Reoystallized from 10 parts of 30 per 
cent alcohol. Yield 6.2 gm. from 6 gm. of peptide. Microscopic needles, 
begins to sinter above 95°, decomposes at about 220°. Analj-sis: After drj-ing 
at 80° in vacuo over H2S04, calculated for CisH^sOgNs: N 15.52, found 15.41. 

p-Aminolenzoyl-Triglycyl-dJ-Leucine. — The concentrated solution was made 
weaklj' add to Congo and kept at room temperature overnight. The predpitate 
was redissolved in 5 parts of water and crystallization was allowed to take place 
in the ice box. Yield 1.9 gm. from 2.7 gm. of nitrobenzoyl peptide. Microscopic 
needles, m.p. 176-178°, Analysis; Calculated for CisHstOeNs; N 16.65, foxmd 
16.28. 

p-NUrolenzoyl-Glycyl-d,l-L€ucyJ-Glycyl-Glycinc. — ^Nitrobenzoj-lation was carried 
out in a freezing mixture as in the case of />-nitrobenzoyl-d,/-IeucyI-gl\-cyl-gl}-cine. 
The nitrobenzoj-1 compound was predpitated from the cold alkaline solution by 
addification with hydrochloric acid. It was freed from /i-nitrobenzoic add by 
repeated extractions with ether following the general procedure described above, 
dissolved in 40 parts of boiling water and allowed to crystallize in the ice box. 
Yield 6 gm. from 10 gm. of peptide. Clumps of microscopic needles, decomposes 
above 220°. Anal}sis: Calculated for CisHjsOsNs: N 15.52, found 15.44. 

p-iiilrolcnzoyl-Tctraglycyl-Glydne. — Rccrjstallized from 200 parts of 50 per cent 
alcohol. Yield 9 gm. from 10 gm. of peptide. Rosettes of irn'croscopic needles, 
decomposes above 240°. .Analysis: Calculated for CijH-cOjXt: X 18.59, found 
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p-Aminobcuzoyl-Teiraglycyl-Glychte . — ^Redissolved with alkali and precipitated 
with acid, washed with water, 50 per cent alcohol and finally with absolute alcohol 
and ether. Yield 5 gm. from 7 gm. of .nitrobenzoyl compound. Amorphous, de- 
composes above 270°. Anal 3 'sis; Calculated for C 17 H 22 O 7 N 6 : N 19.92, found 19.69. 

p-Nitrobciizoyl-Tctraglycyl-Lcucmc . — ^This substance was prepared b}^ nitro- 
benzoylation of impure tetragl 3 'cyl-leucine in the usual way in a solution of 10 
per cent sodium bicarbonate and adding the ^-nitrobenzo 3 d chloride dissolved in 
benzene. The alkaline solution was made weakl 3 ’^ acid to Congo red and kept in 
the ice box for 1 hour. After removal of the precipitate the solution was made 
strongly acid to Congo red b 3 ’^ the addition of hydrochloric acid and was kept in tlie 
ice box for 2 da 3 's. The precipitate was filtered, washed with cold water, dried and 
freed from ^-nitrobenzoic acid b 3 ' extractions with ether. It was recr 3 'stallized 
from 20 parts of water. Yield 4.2 gm. from 7.2 gm. of peptide. Microcr 3 'stal- 
line, no definite cr 3 'stal form, m.p. 191-193°. Analysis: Calculated for CaiHnsOgNe: 
N 16.54, found 16.44. 

p-Aminobcuzoyl-Tctraglycyl-d, l-Lcitcinc . — ^When tlie solution was concentrated 
after the reduction and made weakty acid to Congo red, tlie substance separated 
as an oil which solidified upon cooling. It was freed from ammonium sulfate by 
dissolving in hot alcohol and the alcoholic solution was evaporated to dryness in 
vacuo. The substance was redissolved in 2 parts of water and kept in the ice box 
until some bro^vnish material separated and the colorless solution after filtration 
was evaporated to dr 3 Tiess in a vacuum desiccator. Yield 0.8 gm. from 2 gm. of 
nitrobenzoyl peptide. Softens at 165°. Anal 3 'sis: Calculated for C 21 H 30 O 7 N 6 : 
N 17.58, found 17.63. 

p-Nitrobcnzoyl-Diglycyl-d , l-Lcucyl-Glycyl-Glyciuc . — Nitrobenzoylation was car- 
ried out as for the preparation of /)-nitrobenzoyl-glyc 3 d-d,/-leuc 3 d-glyc 3 d-glycine. 
The substance was precipitated from the alkaline solution b 3 ’’ acidification, dried 
and freed from ^-nitrobenzoic acid by extractions vuth ether. It was dissolved in 
IS parts of boiling water and the precipitate was filtered after the solution had been 
kept overnight in tlie ice box. Yield 7 gm. from 10 gm. of peptide. Amorphous, 
m.p. 143-145°. Analysis: Calculated for CgiHogOgNe: N 16.54, found 16.30. 

p-Avnnobenzoyl-Diglycyl-d , l-Lcucyl-Glycyl-GIycinc . — The concentrated solution 
obtained after reduction of the nitrobenzoyl peptide was freed from ammonium 
sulfate b 3 ’^ addition of alcohol, and the substance after evaporation of the alcohol 
was redissolved in boiling absolute alcohol and precipitated from the filtered 
alcoholic solution b 3 ^ addition of 5 volumes of ether and dried. To 2 gm. dissolved 
in 1 cc. water 1 cc. of glacial acetic acid was added and the aminobenzoyl peptide 
was precipitated from the solution b 3 ' the addition of acetone. Yield 1.8 gm. from 
3.8 gm. of nitrobenzo 3 'l compound. Softens at about 120°. Anal 3 'sis: After dry- 
ing at 60° in vacuo over H 2 SO 4 , calculated for C 21 H 30 O 7 N 6 : N 17.58, found 17.71. 

P-Nitrobcnzoyl-d ,1-Laicyl-Triglycyl-Glycinc. — Recr 3 ’stallized from 40 parts of 
30 per cent alcohol. Yield 9.5 gm. from 10 gm. of peptide. Rosettes of micro- 
scopic needles, decomposes above 225°. Anatysis: After dr 3 'ing at 50° in vacuo 
over HgSOi, calculated for CgiH-sOgNc: N 16.54, found 16.31. 
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copper sulfate. After filtration and washing with water the copper salt was sus- 
pended in water and decomposed with h5’-drogen sulfide. After filtration tlie 
copper sulfide was extracted with hot alcohol. The aqueous solution and the 
alcoholic extract were joined and evaporated to dryness, the substance was dis- 
solved in alcohol and precipitated with 6 volumes of ether. Yield 1.2 gm. from 
2.7 gm. of nitrobenzoyl compound. Amorphous, decomposes witliout melting 
above 105°. Anal3'^sis: After drying at 80° in vacito over H2SO4; calculated for 
the reduced form, C17H22O7N4S: N 13.14, S 7.51; found N 12.92, S 7.58. 


Serological Tests 

Preparation of Antigens . — ^The antigens were made as described previously (1). 

The azoproteins used for immunization were purified bj^ repeated washings vith 
saline, omitting the precipitation with alcohol. Some of the antigens, nameh' 
those used for the production of the immune sera GL No. 2 and LG No. 2 were 
prepared with one-half of the indicated quantitj’^ of tlie aminobenzojd peptides. 

Immunizaiion and Tests . — The immunization was carried out as described (8). 
2 cc. of a solution containing 10 mg. in 1 cc. were used per injection. 

On repeating precipitin tests with new GL and LG immune sera," 
these sera appeared to be less specific than those described (1), and 
showed stronger cross-reactions between peptides containing the same 
terminal amino acid; e.g., the GL serum with L 2 antigen and the LG 
serum with G 2 antigen. One of the LG sera gave a faint group reac- 
tion "with the L 2 antigen (9), and a more marked precipitation was 
observed wdth a Go antigen and a GL serum. These results could not 
be explained entirely by the greater strength of some of the sera and 
may be due to the individually different response of the immunized 
animals, or possibly to the cliange in technique of preparing the immune 
sera. 

Reactions with these and other immune sera on a series of “peptide-” 
and “amino acid-azoproteins” are summarized in Table I. In most 
cases distinct group reactions occurred whenever the antigens tested 
contained peptides with the same terminal amino acid as that present 
in the homologous azoprotein, and the reactions were, as a rule, the 
stronger the greater the similarity in structure of the terminal part 
of the peptide chain. On the other hand, in a number of combina- 

=* As in the previous paper the peptides will be designated by abbreviations such 
as G for glycine, G2 for glycyl-glycine, GL for gb'cyl-leucine, etc. 
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tions there were no or faint cross-reactions, although tlie substances 
tested have the same terminal amino acid (carrying the free carboxyl 
group) as the homologous antigens, e.g . : immune serum G -f antigen 
L3G2,* immune serum Gs + antigens LG and glutathione; immune se- 
rum LG2 + antigens G and glutathione; immune serum glutathione 4 - 
antigens LG, G2LG2, L3G2.^ Similarly, there was a marked difference 
in the reactions of the two tripeptides GLG and LG2 when tested with 
LG2 immune sera, and it is worth noting that the (pentapeptide) L3G2 
antigen gave rather weak reactions with the immune sera LG and G3, 
whereas it reacted distinctly with the immune serum for LG2 to which 
it is more closely related chemically. Some overlapping reactions 
apparently were caused by the correspondence of amino acids not 
occupying the terminal position in the peptide chain; e.g., one immune 
serum G3 reacted moderately with the antigens G2L, GsL, G4L. 

In the experiments presented the only immune sera used were two 
sera for di- and three for tripeptides and the peptides used (apart 
from glutathione) were built up solely from glycine and leucine. 
These precipitin tests, still limited in extent, did not, on the whole, 
demonstrate great serological diversity. Significantly different were 
the results of inhibition tests carried out witli nitrobenzoyl deriva- 
tives of the peptides. The readings are given in Table II. The data 
presented in Table II reveal a striking degree of specificity. Thus 
the sera GL and LG show marked group reactions only with the 
peptides wliich are very closely related in structure, namely the LG se- 
rum with the substance GLG and the GL serum with G2L, G3L and 
G4L, but even these reactions are considerably weaker than the re- 
actions with the homologous substances. Likewise, with the tri- 
peptide sera Gs (No. 1) and LG 2 marked cross-reactions occurred 
only when the structure of the substances tested was identical with 
that of the homologous substance with regard to the three amino 
acids at the free end of the chain. For instance, the sera G 3 dis- 
tinguish between the substances LG2 and G3 or G2LG2 and Gb and 
the serum LG2 between GLG2 and G4, etc. 

The greater specificity of the inhibition reactions, as compared to 

■* The glutathione immune serum did not react on an azoprotein made with 
glutaminic acid. 
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that of the precipitin tests, cannot be explained on the basis of our 
present information and this question will require further study. It 
may be worth noting that with the precipitin tests, too, reactions of 
higher specificity may be obtained after absorption with heterologous 
antigens (9). 

The investigations are being continued along the lines indicated in 
our previous communication (1). 

SUMMARY 

In continuation of previous studies immune sera for azoproteins 
made from aminobenzoyl dipeptides and tripeptides were tested with 
various peptide azoproteins by precipitin tests and with nitrobenzoyl 
derivatives of peptides by means of inhibition reactions. When ex- 
amined with the latter method, the immune sera exhibited a high de- 
gree of specificity and permitted the recognition of distinctions among 
peptides of similar structure. 
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During the last 4 years there has appeared in New England flocks a 
disease of young chickens hitherto unrecognized. This disease was 
described in a preliminary report (Jones, 1932) as “An encephalomyel- 
itis in the chicken.” Its increasing frequency among commercial 
flocks in the last 2 years has made necessary the use of a more descrip- 
tive name. In view of the striking symptom which differentiates it 
from other nervous disorders, and because of its appearance in large 
numbers of chickens within a flock, the name “epidemic tremor of 
chickens” has been chosen. The present paper is a report of studies 
carried on in field epidemics and in the laboratory since its first 
appearance. 

The disease has been transferred experimentally to normal chickens 
by intracerebral inoculation of suspensions of brain and spinal cord. 
During the course of twenty passages, the virulence has been materi- 
ally increased. Whereas in early experiments only a few of the inocu- 
lated birds contracted the disease, in recent transfers it has not been 
unusual for an entire series to become infected. The average incuba- 
tion period has likewise been shortened in the course of these passages, 
and the severity of the brain lesions has increased. The condition has 
many of the characteristics of a virus disease and has been tentatively 
classed as such. 

* This work was supported in part by a fellowship established by the Chas. M. 
Cox Co. of Boston and the National Oil Products Co. of Harrison, New Jersey, 
during the year September, 1932, to September, 1933. 
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Clinical Cotirse 

The first symptom observed in affected flocks is usuall}’- the constant trembling 
of certain individuals. Attention is called to these birds by the rapid vibration of 
the head, but on handling tliem, it is apparent that muscles in addition to tliose of 
the neck are affected to a variable degree. The tremor becomes aggravated when 
the birds are handled or when the flock is in an}'^ way excited, but tends to subside 
when the birds are undisturbed, and disappears in sleep. On furtlier examination 
of a flock, other chickens less severel}' affected are often found. Sucli birds may 
exhibit a fine tremor which is scarcely noticeable until the bird is picked up. 
Ataxia is also a symptom which usuallj’- is seen in conjunction witli tremor, but 
has occasionally been tlie onlj>’ siraptom to appear. When ataxia is tlie first 
manifestation of the disease, tremor may develop later. More frequently, ataxia 
appears simultaneously ndth, or at varjdng intervals subsequent to, tlie develop- 
ment of tremor. Those chickens which are affected bj’^ tremor alone are appar- 
ently not seriously incapacitated, since they walk about, and are able to eat and 
drink in spite of the constant head tremor. Even in the most advanced cases, in 
which a coarse tremor is constantly present, the birds are stiU able to peck at food, 
and do not appear greatl}'’ inconvenienced by their condition. All of tlie birds 
affected with tremor alone seem capable of suridval for an indefinite period under 
laboratory conditions. Those chickens which have ataxia associated with the 
tremor, or ataxia alone are seriously handicapped in their efforts to move about, 
and as tlie ataxia is progressive, the birds ultimately are unable to reacli suificient 
food to maintain themselves even in confinement. 

Pathology 

The pathology of the disease was studied in detail in the birds re- 
ceived during the outbreak in 1931. We are indebted to Dr. M. M. 
Canavan of the Department of Pathology for painstaking examination 
of the brains and spinal cords of the birds of this series, and for the 
original description of the lesions of the nervous system. Similar 
detailed studies were made in birds from epidemics in 1932 and 1933, 
and in a series of inoculated birds. Routine examination of birds from 
field epidemics and of inoculated birds to correlate pathology vith 
symptoms is now confined to sections of the brain alone. 

Distribution of Lesions . — The characteristic lesions of the disease 
are microscopic and are found scattered throughout tlie brain and 
spinal cord. No lesions whicli could be detected in the gross have been 
found in the central nervous system or viscera. There have been no 
tumors noted, and no changes in eye coloring or vision. 

In addition to the involvement of the nervous system, microscopic 
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lesions are found in the viscera of birds suffering from natural infec- 
tions, but rarely in chickens which have been inoculated. 

The distinctive lesions of the brain and spinal cord of birds from field epidemics 
consist of microscopic collections of neuroglia cdls (Figs. 1 and 2). These are 
composed of macroglia and oligodendroglia with an occasional microglia celL 
They are found clustered around capillaries. Cells are seen in mitosis in these 
fod, which indicates the proliferative nature of the lesion. Fod of glia cells are 
often found near the ventrides of the brain in assodation with degenerating nerve 
cells. Similar lesions are found thoughout the brain and spinal cord. In the 
earlier series examined, they appeared to be more numerous in the cerebrum than 
in the cerebdlum, but in more recent cases the lesions of the cerebellum seem to be 
of greater severity. The number of fod is also greater, and the fod are larger than 
in the earlier series. This is particularly true in the inoculated birds. 

Perivascular infiltration around the larger vessels of the brain is also found in 
hiany instances, but varies greatly in severity. Degeneration of Purkinje’s cells 
is often severe. 

The lesions of the brain and spinal cord of inoculated birds are similar to those 
described above. In many cases, however, they are far more severe than anything 
encountered in spontaneous cases of the disease. The lesions are largely peri- 
vascular. The focal collections of neuroglia cells, which are the tj’pical lesions, 
are most often found surrounding the small vessels in the deeper portions of the 
brain. The cells composing these collections are macroglia, oligodendroglia, and 
nucroglia, as in the lesions of spontaneous cases, and in addition there is often an 
astrocyte involved (Figs. 3, 4, and 5). 

In inoculated birds infiltration around the larger vessels of the brain is sometimes 
extremely severe. In certain cases this is largely lymphocj^tic in character, 
bymphoqrtic infiltration is also present at times around the meningeal vessels. It 
IS apparently greater around veins than their accompanjong arteries. 

Studies of the peripheral nerves have revealed neither gross nor microscopic 
lesions. 

^e typical lesions of the visceral organs of spontaneous cases are microscopic 
fod of mfiltration with cells of the lymphoid series. The fod are of two types, one 
rounded and sometimes sharply circumscribed and encapsulated, the other, 
®®Solar, with Dl defined boundaries. The circumscribed lesions are most com- 
monly and strikingly found between the alveoli of the pancreas, often in the vidnity 
of blood vessels (Fig. 6). The blue staining of thdr cells is pale in contrast to the 
v^gular pinkish islands of Langerhans, and the intense blue of the cells of the 
^h^li. Similar areas are also found in the spleen and infrequently in the heart. 
Ane infiltrations in the spleen vary greatly in appearance, and comparison of 
®^ons from the spleens of normal and diseased birds has led to the condusion 
mat m many cases it is impossible to distinguish between normal and pathological 
Accumulations of cells in tbig organ. 
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The rounded, circumscribed lesions are largely composed of cells resembling the 
l 3 miphoblasts. The nuclei are large, with coarse granules of chromatin. There 
are mitotic figures in many of the lesions, and numerous pi'^cnotic nuclei. The 
areas are often surrounded by a narrow band of connective tissue, and certain of 
these areas are joined b}’' irregularly shaped infiltrations of cells of similar type. 
The irregular areas of infiltration are found most frequently in the heart. They 
also occur in tlie pancreas and spleen and are occasionally present in the liver, 
kidney, lung, ovary, and otlier organs. The}^ are composed chiefly of cells resem- 
bling large lymphocytes, and no mitotic figures have been seen among them. In 
the heart, sucli infiltrations often push apart the muscle bundles (Fig. 7). There 
seems to be no degeneration of the muscle fibers, but in some cases the heart shows 
other evidences of chronic inflammation. 

Since lymphoid cell infiltrations of similar nature are encountered in man}^ 
pathological conditions in chickens, these lesions are not considered in any way 
distinctive of epidemic tremor, although the infiltration in tlie pancreas is unusual. 
The fact that they do not occur in the inoculated birds may indicate a more strictly 
localized reaction to the infective agent, possibly due to its mode of introduction. 

Epidemiology 

Our first experience with the disorder was in May, 1930, when nine Rhode 
Island Red chickens about 2 weeks of age were brought to us from a commercial 
flock. These birds were affected with a fine tremor which did not abate during a 
period of observation extending over 3 months. The group was abnormally 
excitable. No ataxia developed among them, nor to our knowledge was there any 
ataxia in the flock from which they were taken. 

The disease was not seen again until April, 1931, when eleven Rliode Island Red 
chickens were brought to the laboratory from a different source. Six of tlie birds 
were 4 weeks old and had been kept on the farm where tliey were hatched. The 
other five birds were from the same stock but hatched 1 week later. Thej' had 
been sold as day old chicks and consequently had been under different environ- 
mental conditions since hatching. The older birds were less severel}'^ affected than 
the younger ones. All showed tremor but of varying degrees of severity. Some of 
the birds in both groups were ataxic on their arrival in the laboratory and some 
developed ataxia later. 

In January, 1932, severe outbreaks occurred on one poultrj' farm in early hatches 
of eggs from one source. Forty-two birds from 2 to 6 weeks of age were sent to tlie 
laboratory. It was said that certain birds on this farm had exhibited tremor on 
the 2nd day out of the incubator. All of these birds exhibited tremor when sent 
to us, and many of them were likewise ataxic. 

The occurrence of a similar condition in several other flocks was reported to us 
during the spring of 1932, but no specimens were sent to the laboratory until May 
when forty chickens were sent in from a flock unrelated to that in which the 
January outbreak had occurred. All but one of these chickens were ataxic, and 
twenty-seven of them were also affected with tremor. 
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The epidemics of 1930, 1931, and spring of 1932 all occurred in Massachusetts. 
After the hlay, 1932, epidemic, no cases were heard of until November, 1932, 
when a serious epidemic was reported in New Hampshire. This was followed by 
outbreaks in other New England states until by the first of June, 1933, there had 
been reported to this laboratory as having occurred during the winter and sprmg 
hatching season of 1932-33, eight epidemics from Massachusetts, four from New 
Hampshire, two from hlaine, and one from Connecticut. There have doubtless 
been other afiected flocks which have not come to our attention. No cases of the 
disease have been reported during the months from June to November, 1933. 
Affected birds in the majoritj' of these flocks have exhibited tremor, ataxia, or 
both. Birds from two flocks were affected with ataxia only. 

From epidemics in 1932, there was some evidence that the disease was more 
frequent among chirks of the first hatch of the season than in later hatches. Fur- 
ther experience, however, has proved that the appearance of the disease in relation 
to hatch is a matter of chance. Certain epidemics have been confined to the first 
hatch of the season; other outbreaks have affected the first three hatches; while 
still others have appeared in the middle or toward the end of the breeding season, 
and have affected from one to three hatches. 

There have been some cases of recurrence of the disease in flocks in the 2nd year. 
No recurrence has been noted for 2 successive years in the flock involved in the 1931 
epidemic. 

The disease may appear in yotmg chickens during the 1st week or 
subsequently up to 5 or 6 weeks of age. In one case tremor is said to 
have appeared at 3 d tys, and in another, at 5 days. The usual time of 
onset, however, is at 3 weeks of age. No epidemics have been re- 
ported among adult birds. Epidemics have occurred in Rhode Island 
Red, New Hampshire Red, Barred Plymouth Rock, and I^Tiite Ply- 
mouth Rock flocks. 

Etiology 

Early in the study of these outbreaks, experiments were undertaken 
to determine the nature of the disease. Efforts were made to transmit 
the conditions to normal birds and to cultivate an organism from the 
tissues of diseased birds. In addition, the possibility of the disease 
being a nutritional disorder, or a form of food poisoning was considered. 

Chemical analj-sis for calcium and phosphorus was made of the blood of two 
birds with severe tremor. The analysis showed 11 mg. calcium and 8.7 mg. phos- 
phorus which was considered' a normal N-alue for young chickens. 

' We are indebted to Dr. Joseph C. Aub for the calcium and phosphorus deter- 
minations and for their interpretation. 
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No evidence of rickets has been found. 

Influence of Vilamins. — The occurrence of nervous disorders thought to be due 
to the absence or deficiency of various vitamins in the diet has been reported by 
several investigators (Hu^es, Lienhardt, and Aubel, 1929, Hogan and Shrews- 
bury, 1930, Wolf and Pappenheimer, 1931). To determine whether vitamin 
deficiency was a cause of epidemic tremor, certain affected chickens sent to us 
during the 1931 epidemic were given a diet supplemented with whole milk, lettuce, 
hard boiled egg, and a commercial vitamin B concentrate. No influence of diet 
was discerned. 

Atlempls to Cullivate an Organism. — ^AU attempts at cultivation of an organism 
of etiological significance in the disease have been unsuccessful. Cultures on agar 
slants were made of brain suspensions used for inoculation. With the exception of 
occasional obvious contaminants, the cultures were negative. Cultures of brain 
and spinal cord from birds received from field epidemics were made on a variety of 
media including broth, agar, agar plus normal chicken serum, blood agar, and 
chopped meat media. Cultures were also made of heart’s blood, liver, spleen, and 
pancreas from a series of ten spontaneous cases. Broth, agar, agar plus serum, 
and chopped meat media were used. No organism of etiological importance was 
isolated in either of these series. 

Contact Experiments. — Attempts to transmit the disease to normal birds through 
contact with affected birds were made in three epidemics. Normal and diseased 
chicks were kept in the same cages with ever)"^ opportunity for contamination of tlie 
feed and drinking water and exposure to droppings. In one experiment a suspen- 
sion of brain from a diseased bird was mixed with the drinking water, and some of 
this suspension was likewise introduced into the nares by means of a fine pipette. 
No disease developed in any of the exposed birds, nor were lesions found in tlie 
brain on microscopic examination. 

Tests of Suspected Feed. — The grain supply naturally was suspected by poultry 
men to be the cause of the disease in several of the early outbreaks. Experiments 
were carried out (1) to test the grain for contamination with the infective agent, 
(2) to discover whether the composition of the mash was at fault, and (3) to see 
whether a toxic substance was produced in mash when stored in a warm place. 
A commercial broiler ration from farms where it was being fed to young chicks 
among which the disease had appeared was used in these experiments. Groups of 
normal chickens in the laboratory were fed this ration (a) without autoclaving; (6) 
after autoclaving at IS pounds pressure for 20 minutes; (c) without autoclaving 
and after storage in a very warm room. None of the fifty chickens in these experi- 
ments developed the disease. Microscopic examination was made of the brain 
from nine birds. No lesions were found. 

Tests were also made for the presence of spore-bearing anaerobes in the feed. 
None were found. 

Inoculation Experiments . — ^Attempts were made in 1930, when the 
first affected chicks were studied, to transmit the disease to normal 
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chickens by intraperitoneal inoculations of suspensions of intestine, 
liver, spleen, and brain. A portion of the intestine with its contents 
was also made into a suspension in normal saline and given per os to a 
normal chicken. The inoculated birds were kept in the laboratory for 
112 days. They developed no symptoms during that time. At 
autopsy the gross findings were negative in every case. The brains 
were later studied microsopically. Unequally stained nerve cells 
were found, slight perivascular infiltration, and rare, small, focal 
collections of glia cells. No lesions were found in the spinal cords of 
these birds. In view of the results of later inoculation experiments in 
which inoculated birds were found to have brain lesions without having 
shown symptoms of disease, it is possible that these birds acquired the 
disease, but in so light a form that they exhibited none of the typical 
signs. 

Since these early experiments, few attempts have been made to transmit the 
disease by other than intracerebral inoculation of suspensions of brain and spinal 
cord. The following experiments with inoculation by other routes and with other 
organs may, however, be summarized: 

Suspensions of liver, spleen, pancreas, and gall bladder from birds in the 1932 
epidemics were inoculated subcutaneously into a small series of normal chicks. No 
sjTnptoms were observed in any of the birds so inoculated, nor were any lesions 
found in the brain. Suspensions of brain and spinal cord of birds in the 1932 
epidemic were also given to a group of normal chickens per os, intraperitoneallj’, 
intracerebraUy, and by the two latter routes combined. No sjmptoms were 
observed in the inoculated birds and no brain lesions were foxmd. 

More recently, intraperitoneal and intracerebral inoculations have been made 
with a suspension of spleen from a bird inoculated with the eighteenth passage of 
the virus. As a control for the presence of ■\drus in the bird, a suspension of brain 
from the same bird was inoculated intracerebraUy into four birds. Brain suspen- 
sion was likewise inoculated intraperitoneaUy into four birds. None of the seven 
birds receiving spleen suspension developed sjmptoms of disease after 5 weeks. 
Occasional small brain lesions were found in two of those inoculated intracere- 
braUy, and some perivascular infiltration was found in the brain in two of these 
inoculated intraperitoneaUy. No lesions were found in the other three birds. 
Three of the four chicks receiving brain suspension intracerebraUj- developed sjmp- 
toms in 27 to 33 daj-s after inoculation. The fourth bird exhibited tj’pical brain 
lesions. None of the birds inoculated with brain suspension intraperitoneaUj- 
showed sjmptoms after 5 weeks. SmaU fod of infiltration were found in the 
brains of three of these birds. The fourth was negative. 
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Intracerebral inoculation of normal birds with suspensions of brain, 
spinal cord, or both, from diseased birds has proved to be an effective 
mode of transmission. By this method the disease has now been 
transferred through twenty successive passages. The following tech- 
nique was used in the first eight passages and occasionally in some of 
the later transfers. 

Diseased birds were killed by chloroforming, and the brain and spinal cord (if 
used) removed aseptically. The tissue was ground in a sterile mortar, and normal 
saline added to form approximately a 1 : 10 suspension by volume. The coarser 
particles were allowed to settle, and the supernatant fluid drawn into a tuberculin 
syringe with a 25 gauge needle. Inoculation was made into the cerebrum, 0.1 cc. 
to each bird. This procedure was later modified by grinding the tissue TOth sterile 
sand, and after centrifugalization, the supernatant fluid was used for inoculation. 
This method is now used for routine inoculation. 

During the outbreak in January, 1932, the intracerebral inoculation 
of brain and spinal cord of affected chickens into normal chickens was 
first undertaken. Material from twenty-seven chickens in the Janu- 
ary and May epidemics of that year was used in this experiment. 
Brain, or spinal cord, or both from each bird was made into a suspen- 
sion, as previously described, and four or more young Rhode Island 
Red chickens were inoculated with each suspension. A total of 91 
chickens were inoculated, of which three developed typical tremor and 
ataxia. Each of the three chicks to develop symptoms had been 
inoculated with material from a different bird. Microscopic examina- 
tion was made of the brains of forty-five of the chickens whicli had 
been inoculated but had developed no symptoms of disease. Lesions 
were found in two, each in a different series. Of the five birds \vith 
either symptoms or lesions, two had been inoculated with a suspension 
of spinal cord, two with a suspension of brain, and one with a suspen- 
sion of combined brain and spinal cord. The incubation periods in 
the chicks showing s3mptoms were 29, 30, and 35 days. The fact 
that only five birds contracted the disease out of 91 chickens inoculated 
suggests that the active infective agent was present in the brain in only 
a small proportion of the chickens at the time they were used in the 
inoculation experiments. 

In subsequent passages, a higher proportion of successful inocula- 
tions resulted, and the average incubation period was shortened. 
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inoculated with bacteriologically sterile filtrates. Three birds in three 
different experiments developed the disease, and eleven others in eight 
different experiments had typical microscopic brain lesions. 

Berkefeld filters have also been used in a number of experiments. 
T3^ical disease as well as brain lesions have followed tlie inoculation 
of Berkefeld N filtrates in two experiments. Inoculation of Berkefeld 
W filtrates has thus far failed to produce disease. 

Survival of the Infective Agent in Glycerine 

Infective brain tissue preserved in 50 per cent glycerine for 6, 47, 
and 69 days has been used to inoculate three series of four chicks each. 
All of those inoculated with the 47 and 69 day material became ataxic. 
One of those inoculated with the 6 day material developed disease; 
two had t)^ical brain lesions; the fourth was normal. The survival 
of the virus in glycerine for a period of over 2 months has thus been 
demonstrated. 

Attempts to Demonstrate Transmission of the Infective Agent through 

the Egg 

The occurrence of epidemic tremor in chicks less than a week old suggests that 
the disease may be transmitted through the egg. 

A series of inoculations was made in 1933 with brain tissue of embryos from a 
stock in which epidemic tremor had appeared in the preceding hatch. Unfor- 
tunately the disease died out after its first appearance, and the completely negative 
experiment was hence inconclusive. It is planned to repeat this w'ork. 

Breeding experiments were likewise undertaken. A small number of chicks, 
offspring of affected birds, have been raised in the laboratory. None of these 
developed disease, nor were the}'- immune at 6 weeks of age to intracerebral inocula- 
tion of infective brain. 

A serious outbreak of epidemic tremor in chicks of known parentage at an experi- 
mental farm^ in November, 1932, provided an opportunity to carry on breeding 
experiments on a large scale. The disease appeared only in tlie first hatch of the 
season and affected approximately 50 per cent of 400 chicks brooded. Pedigree 
hatching was then instituted, but no disease developed in chicks from these 
matings. Breeding pens from these birds and from the survivors of the affected 


- are indebted to the Department of Poultry Husbandry of the New Hamp- 
shire Agricultural Experiment Station for the opportunity to observe and the 
permission to report these experiments. 
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